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INTRODUCTION 
A study of the relationship between rainfall, radioactivity, 
and runoff on two small watersheds in east central Illinois was 
initiated early in 1962 by the Meteorology Section of the Illinois 
State Water Survey. This study was expanded considerably in June 
1962 when a contract was entered into with the Atomic Energy Com­
mission, Under this contract, research on the rainout of radio­
activity was undertaken to determine the variability in space and 
time of the deposition of radioactivity; 
(1) During intense, localized, convective storms within 
concentrated raingage networks operated by the State 
Water Survey. 
(2) In large-scale, stratified, precipitation systems 
passing over the networks. 
As part of this research, investigation is being made of 
sampling requirements for the determination of the areal distri­
bution of radioactivity. Studies are being undertaken to estab­
lish relationships between radioactivity and rainfall, taking into 
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consideration the effects of precipitation type, intensity, dura­
tion, and amount. Radar observations of storms are made to relate 
radioactivity to cloud heights and volume, with particular emphasis 
on the proximity of cloud tops to the stratosphere. Also, efforts 
are being made to correlate surface and upper air synoptic weather 
data with the intensity of surface radioactivity and its time and 
space variability. 
Efforts to date have been concentrated upon determination of 
radioactivity-rainfall relations in warm season, convective storms, 
with emphasis placed upon spatial relations as opposed to time 
relations. A majority of the samples obtained from spring to fall 
1962 have been from typical, multi-cellular rainstorms of the 
Midwest, often consisting of several thunderstorms or lines of 
 thunderstorms within a storm period of 12 hours or less. Several 
cases of storms with only one burst (single thunderstorm or simple 
squall line) were obtained, however, and are undergoing study. 
Because of the limitation of the sampling program to 100 strontium 
samples, inadequate facilities for beta analyses, and lack of an 
automatic time sampler, analyses, of the time distribution of radio­
activity on an areal basis were not accomplished in 1962, except 
for gross beta in one storm. Detailed analyses of stable-type 
rain have been limited to one 1962 storm in order to concentrate 
on convective storms. 
This progress report is devoted to discussions of the data 
collection program, equipment development, analyses program, and 
preliminary results of analyses to date. Results are based pri­
marily upon gross beta analyses, supplemented by limited data on 
strontium. Radiochemical analyses have not been completed on some 
of the strontium samples at this time. Many samples were stored 
until mid-fall before submission to Isotopes, Inc., for analyses 
in the hope that a more diversified sample of storm conditions 
could be obtained, but near drought conditions from August to 
October prevailed and prevented the collection of data desired 
on individual thunderstorms. 
Included in this report are results of investigations on; 
the spatial variability of radioactivity; the areal representa­
tiveness of point radioactivity samples; relations between storm 
rainfall volume, intensity, and duration and radioactivity con­
centration and deposition; and, radioactivity-tropopause relations. 
Three case studies of typical midwestern storms are presented also. 
Since analyses of only a portion of the 1962 data have been com­
pleted, conclusions have not been presented, but trends or tend­
encies have been pointed out in some instances. Furthermore, much 
of the interpretation of the data will remain speculative until 
further investigation verifies present observations and provides 
more information on causal factors. 
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DATA COLLECTION PROGRAM 
Equipment and Facilities 
Rainwater samples for radiochemical analyses were collected 
in the three concentrated raingage networks shown in Figure 1. 
The East Central Illinois network consists of 49 recording rain-
gages in 400 square miles. The Kaskaskia network has 5 recording 
raingages in 12 square miles, and the Boneyard network in the 
urban area of Champaign-Urbana consists of 11 recording and 9 
nonrecording raingages in 10 square miles. The dashed outline 
on the Boneyard network shows the stream-gaged portion of the 
network in which both rainfall and streamwater measurements of 
radioactivity were made in selected case studies. Similarly, the 
dashed outline about the Kaskaskia shows the watershed region for 
which streamwater samples were obtained. These concentrated rain-
:gage networks provided a detailed pattern of the time and space 
distribution of the amount, intensity, and duration of rainfall 
within the area. 
On the East Central Illinois network, rainwater samples were 
obtained from weighing-bucket raingages, most of which had 12-inch 
diameter orifices. The bucket in which the rainfall is collected 
in these gages was coated with a plastic paint (Krylon) to reduce 
possible contamination from the galvanized buckets. The buckets 
were washed with water from a pressure sprayer twice weekly on a 
routine basis and, occasionally, more frequently during sample 
collection periods. 
On the Kaskaskia network, black polyethylene containers with 
a 22-inch diameter catch area were placed by each raingage to 
collect rainwater samples. The Kaskaskia raingages had only the 
standard 8-inch orifice which was not large enough to catch an 
adequate sample in many storms. On the Boneyard network, a tri­
angular polyethylene container (baby bathtub) with a catch area 
of approximately 300 square inches was used. These samplers em­
ployed three polyethylene bottles as legs and the bottles were 
provided with rubber stoppers. This sampler was designed to 
permit collection of 1 to 3 samples within a storm period by 
merely changing stoppers, and was used on the Boneyard network 
where employees of the Water Survey served as cooperative obser­
vers . The Kaskaskia and Boneyard samplers were washed before each 
storm, usually within less than 6 hours prior to the start of 
rainfall. 
In addition to the above sampling networks, 12 cooperative 
observers in the region surrounding the three networks were 
furnished with a 22-inch polyethylene rainwater sampler and a non-
recording raingage for the collection of data in selected storms 
to supplement the network data. These observers were alerted by 
FIG. I SAMPLING NETWORKS 
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the radar meteorologist when he deemed It desirable to collect 
supplementary samples. 
Radar storm observations were made with three radar sets, the 
CPS-9, TPS-10, and MPS-4. The CPS-9 has the capability for both 
horizontal and vertical scanning of storms, and the TPS-10 and 
MPS-4 are range-height-indicators (RHI radars) that are particu­
larly suited for studying the vertical distribution of cloud 
hydrometeors. Most of the storm observations were made with the 
CPS-9 during the 1962 sampling period because of maintenance 
problems with the two RHI radars. However, one of these RHI sets, 
the TPS-10, is now ready for routine observations, and work is 
progressing on modification of the MPS-4 to improve its opera­
tional capabilities. Considerable supplementary information was 
obtained on 1962 storms from film records of U. S. Weather Bureau 
radars at St. Louis, Missouri, and Evansville, Indiana, and these 
data have proven useful in the rainout-radioactivity study. 
Equipment Development 
A method of sampling rainfall with mobile samplers was de­
veloped during 1962. This development was undertaken to make 
possible studi.es of the relations between radioactivity and mete­
orological factors in single, active convective cells. The rain­
water sampling was accomplished through use of a large stainless 
steel funnel placed upon the roof of a two-way, radio-equipped 
car. This stainless steel funnel was four feet in diameter, and 
samples were collected in polyethylene bottles inside the car 
through a rubber hose connection from the car roof. The car was 
directed by radio to a site underneath an active rainstorm to 
collect a rainwater sample from a storm cell under observation 
by the radar. The operational technique was satisfactorily de­
veloped and tested during the summer and fall of 1962, and it is 
hoped to expand this portion of the data collection program in 
the future. 
A difficulty encountered during 1962 was the determination 
of the time distribution of radioactivity in storms on an areal 
basis. The majority of the storms occurred at night which aborted 
the cooperative network program aimed in this direction. Also, 
the rainwater samplers in use were not large enough to obtain 
several sampler in a storm, unless rainfall was heavy, since a 
2-liter sample was needed for strontium analyses. To overcome 
both of the above difficulties, an inexpensive, automatic rain­
water sampler with a catch area of approximately 30 square feet 
has been designed, and an experimental model has been constructed. 
The automatic samplers will be capable of collecting one to eight 
samples in a storm without human attention. A sketch and brief 
description of the operation of the sampler is given in Appendix A. 
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Sampling Program 
Under the AEC contract, provision was made for analysis of 
100 rainwater samples for Strontium-89 and Strontium-90. . These 
radiochemical analyses have been made by Isotopes, Inc., of 
Westwood, New Jersey, as a subcontractor. Gross beta analyses 
in selected storms have been made at facilities of the State 
Water Survey and the University of Illinois. 
As of the date of this report, 92 samples from 11 storms have 
been selected and shipped to Isotopes, Inc., for strontium analyses. 
Analyses of gross beta activity in 17 storms have been completed. 
The storm dates and number of samples from each network are given 
in Tables 1 and 2, Six of the strontium samples were used for 
evaluating the dry catch in the East Central Illinois raingages, 
when the gages were exposed to dry fallout only for periods of 
1, 2, and 3 days. The column labeled "other" includes samples 
from cooperative observers, time distribution samples at a point 
within a storm, and mobile unit samples, 
TABLE 1 
SUMMARY OF STRONTIUM ANALYSES 
Number of Strontium Samples 
East Central 
Storm Date Illinois Kaskaskia Boneyard Other Total 
7/2-3 6 5 5 16 
7/11 3 5 8 
7/13 10 3 13 
7/14-15 5 5 
7/22 9 4 13 
8/5 5 5 
8/7 l 1 
8/24 9 9 
10/1-2 10 1 11 
10/2-3 1     1               2 
10/12 2             1      3 
7/10 (1-day dry) 2 2 
7/18 (2-day dry) 2 2 
7/21 (3-day dry) 2 2 
Total 56 20 11 5 92 
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TABLE 2 
SUMMARY OF GROSS BETA ANALYSES 
Number of Gross Beta Samples 
East Central 
Storm Date Illinois Kaskaskla Boneyard Other Total 
4/30 2 4 11 17 
5/8                            1        1 5 7 
5/10 5 8 13 
5/17 3 3 
5/26 5 6 1 12 
5/27 5 5 10 
6/8 6 6 
6/9-10 5 6 11 
7/2-3 10 16 26 
7/13 6         1    1 8 
7/14-15 5 2 7 
7/22  1 2 3 
8/7 1 1 
8/8                                     4              4 
8/24 2 6 8 
10/1-3 2 2 
10/7 3 3 
Total 11 39 68 23 141 
Approximately 50 rainwater samples collected at various loca­
tions from January to April, prior to establishment of the network 
sampling program, are not included in the above table. 
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SPATIAL VARIABILITY OF RAINWATER RADIOACTIVITY 
An investigation of the spatial variability of gross beta 
rainout in convective storms within the sampling networks has been 
completed and a similar study on strontium is partially completed. 
The purpose of this study is to obtain quantitative data on the 
probable variability of radioactivity on a mesoscale in convective 
storms and to determine the relationship between the relative 
variability of radioactivity and storm rainfall. 
The relative variability was obtained by the simple method 
presented by CONRAD (1950), in which it is defined by: 
V = 100(AD/M) 
where V is the relative variability in percent, M is the mean of 
the sample, and AD is the average deviation from the mean. 
Relative Variability of Gross Beta 
The relative variability of beta concentration, beta deposi­
tion, and storm rainfall were calculated for 8 storms on the 
Boneyard network of 10 square miles and 7 storms on the Kaskaskia 
network of 12 square miles. Five samples were obtained in each of 
the Kaskaskia storms and 5 to 6 samples in each of the Boneyard 
storms. Since the two networks are nearly equal in area, the data 
were combined to obtain a larger sample upon which to establish 
trends or relations. The rainfall variability was based upon ob­
servations at the same points where the rainwater samples were 
collected. 
The relative variability of gross beta and storm rainfall for 
each storm is presented in Table 3> along with data on storm mean 
rainfall and rainfall duration. In Table 3, beta concentration 
refers to the quantity of radioactive material per unit volume of 
rainwater. Throughout this report it is expressed in micro micro-
curies per liter. Beta deposition is the quantity of radioactive 
material deposited per unit area, and is determined by the product 
of the concentration of radioactive material and the rainfall depth. 
It is expressed as micro microcuries per square meter in this 
report. 
In the 15 storms of Table 3, the relative variability varied 
over a wide range from 10 to 52 percent for beta concentration, 
10 to 58 percent for beta deposition, and 4 to 44 percent for 
storm rainfall. Averages of 14, 25, and 25 percent, respectively, 
were found for storm rainfall, beta concentration, and beta depo­
sition. Thus, on the average, the relative variability of gross 
beta radioactivity was nearly twice that of storm rainfall in the 
15-storm sample. In 12 out of the 15 storms, the beta variability 
exceeded the storm rainfall variability. 
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TABLE 3 
RELATIVE VARIABILITY OF GROSS BETA RADIOACTIVITY AND STORM RAINFALL ON KASKASKIA AND BONEYARD NETWORKS 
Relative Variability (%) 
Mean Number 
Storm Beta Beta Rainfall of Hours 
Date Network Rainfall Concentration Deposition Depth (in.) with Rain 
5/10 B* 7 22 20 0.68 1.9 
5/10 K* 4 13 14 0.72 1.5 
5/26 B 9 38 30 0.51 1.6 
5/26 K 24 25 20 0.46 1.7 
5/27 B 8 10 16 0.55 1.6 
5/27 K 20 44  58 0.43 1.4 
6/8 B 23 15 27 0.53 0.7 
6/9-10 B 6 20 20 1.08 8.9 
6/9-10 K 6 11 14 1.18 5.8 
7/2 B 12 29 24 1.00 1.2 
7/2 K 44 23 20 0.41  1.2 
7/2-3 B 6 24 26 3.84 10.5 
7/2-3 K 17 10 10 3.59 12.0 
7/14-15 K 13 39 28 1.95 4.3 
8/24 B 18 52 54 0.27 2.3 
Average 14 25 25 
Median 12 23 20 
Maximum 44 52 58 
Minimum 4 10 10 
*B-Boneyard, K-Kaskaskia 
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A slight trend was found for the gross beta variability to 
decrease with increasing mean rainfall and storm duration. The 
same slight trends were found with storm rainfall variability. 
Studies by the Illinois State Water Survey (HUFF and NEILL, 1957) 
and the U. S. Weather Bureau (1947) have shown that the relative 
variability of storm rainfall varies inversely with mean rainfall 
and storm duration, in agreement with the trends observed in the 
15-storm sample, Thus, it appears that the relative variability 
of both the rainwater radioactivity and storm rainfall tends to 
decrease with increasing storm duration and mean rainfall, which 
is not surprising since rainfall is the carrier of the radioactivity. 
Correlation coefficients were calculated between the variables 
of Table 3 to evaluate further the trends discussed above. The 
correlation coefficients were calculated from the logarithms of 
the numbers, since graphical plots of the data indicated exponen­
tial relationships. These coefficients are presented in Table 4, 
and indicate relatively low correlations. Although weak, the 
correlations support the slight trends discussed earlier and indi­
cate about the same degree of relationship between beta variability 
and the two rainfall parameters, mean rainfall and rainfall dura­
tion, as between storm rainfall variability and these same two 
parameters; that is, the radioactivity variability is as closely 
related to the rainfall parameters as storm rainfall variability 
is. 
It is quite possible that the correlations may improve as a 
larger sample is obtained and the calculations are not influenced 
so much by extreme values. Obviously, a much larger sample must 
be collected before the quantitative relationships can be firmly 
established. 
TABLE 4 
CORRELATION BETWEEN GROSS BETA RELATIVE VARIABILITY AND 
RAINFALL FACTORS ON KASKASKIA AND BONEYARD NETWORKS  
Beta Concentration Variability vs. Mean Storm Rainfall -0.32 
Beta Deposition Variability vs. Mean Storm Rainfall -0.45 
Beta Concentration Variability vs. Storm Rainfall Duration -0.20 
Beta Deposition Variability vs. Storm Rainfall Duration -0.33 
Storm Rainfall Variability vs. Mean Storm Rainfall -0.25 
Storm Rainfall Variability vs. Storm Rainfall Duration -0.30 
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Maximum Variability of Gross Beta 
The relative variability discussed in the preceding para­
graphs provides a measure of the average dispersion about the mean. 
Table 5 provides a measure of the maximum variation of gross beta 
and storm rainfall within the Boneyard and Kaskaskia networks. In 
this table, the ratio of the maximum to minimum value of gross beta 
concentration, gross beta deposition, and storm rainfall is given 
for each storm. The rainfall ratio is based upon the same sampling 
points as the radioactivity. Since only small differences in area 
and sampling density existed between the two networks, the data 
have been combined to obtain means and medians at the bottom of 
the table. 
TABLE 5 
RATIO OF MAXIMUM TO MINIMUM VALUES 
OF GROSS BETA ACTIVITY AND STORM RAINFALL 
Storm Beta Beta Storm 
Date Network Concentration Deposition Rainfall 
5/10 K* 1.7 1.6 1.1 
B* 2.4 1.7 1.6 
5/26 K 2.4 1.7 2.1 
B 2.6 2.2 1.3 
5/27 K 3.8 5.2 1.7 
B 1.4 1.4 1.4 
6/8 B 1.7 2.8 3.0 
6/9-10 K 1.6 2.0 1.2 
B 2.3 2.1 1.2 
7/2 K 2.8 1.6 4.0 
B 2.2 2.6 .        1.4 
7/2-3 K 1.4 1.3   1.6 
B 2.0 2.0 1.2 
7/14-15 K 2.9 2.8 1.5 
8/24 B 9.5 6.8 2.0 
Mean 2.7 2.5 1.8 
Median 2.3 2.0 1.5 
Maximum 9.5 6.8 4.0 
Minimum 1.4 1.3 1.1 
*K-Kaskaskia, B-Boneyard 
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Table 5 indicates that gross beta activity has more extreme 
variation in storms on the average than does storm rainfall, in 
agreement with the average relative variability data of Table 3. 
Gross beta deposition exhibits slightly less areal variation than 
concentration, as indicated by medians of 2.3 and 2.0 for the 
sample of 15 cases. The ratio of beta concentration equalled or 
exceeded the rainfall ratio in 12 out of the 15 cases, and the 
beta deposition ratio was greater than the rainfall ratio in 11 
out of the 15 cases. The average relative variability of both 
beta concentration and deposition exceeded average storm rainfall 
variability in 12 out of 15 cases (Table 3). Thus, the foregoing 
statistics indicate a strong tendency for greater areal variability 
in gross beta activity than is exhibited by storm rainfall. In 
turn, this suggests partial control of radioactive rainout by other 
atmospheric factors with relatively large spatial variability. It 
seems logical to expect the surface rainout to be related to the 
drop size distribution in the storm clouds in which the rainfall 
developed, and this distribution should be highly variable in con-
vective storms which make up the 15 samples used in the variability 
study. Regardless of the cause, however, the study indicates that 
great variability in radioactive rainout may occur within small 
areas of 10 to 15 square miles and within distances of 1 to 2 miles 
in midwestern convective storms. If this degree of variability 
should occur under hazardous fallout conditions, it could be a 
factor of great importance. Evaluation of the time differences 
in gross beta counting of samples and the approximate half-life 
of the gross beta activity indicates that only a small portion of 
the relative variability in the storms can be attributed to the 
progressive decay of radioactivity during the time involved in the 
gross beta counting of network samples. 
Relative Variability of Strontium-90 
Radiochemical analyses of strontium-90 in 9 convective storms 
have been completed to date. These include 5 on the Boneyard and 
Kaskaskia networks and 4 on the East Central Illinois network. 
The relative variability of strontium-90 concentration and depo­
sition in these storms is presented in Table 6, along with the 
relative variability of storm rainfall and mean rainfall depth. 
Strontium-89 analyses have not been completed on part of these 
storms and are, therefore, not included in Table 6. The Boneyard 
and Kaskaskia variability is based upon 5 samples in each storm, 
and the East Central Illinois results are based upon 9 samples, 
except the 7/2-3 storm in which only 6 samples were analyzed. 
The average relative variability of strontium-90 concentra­
tion on the networks was slightly greater than that of storm rain­
fall, but the differences were considerably less than those found 
with gross beta (Table 3). Tables 3 and 6 show an average rela­
tive variability of 25 percent for gross beta concentration on 
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TABLE 6 
RELATIVE VARIABILITY OF STRONTIUM-90 AND STORM RAINFALL 
ON KASKASKIA, BONEYARD, AND EAST CENTRAL .ILLINOIS NETWORKS 
Storm 
Date 
7/2-3 
7/2-3 
7/H 
7/14-15 
8/5 
Average 
Median 
7/2-3 
7/13 
7/22 
8/24 
Average 
Median 
Network 
K* 
B 
K 
K 
K 
K + B 
K + B 
E 
E 
E 
E 
E 
E 
Relative Variability (%) 
Strontium-90 s t o r m 
Concentration Deposition Rainfall 
18 15 17 
13 14 6 
14 25 12 
12 26 13 
20 21 10 
15 20 12 
14 21 12 
20 17 11 
25 23 13 
14 29 23 
24 20 21 
21 22 17 
22 22 17 
*K-Kaskaskia, B-Boneyard, E-East Central Illinois 
 the Boneyard and Kaskaskia networks compared to 15 percent for 
strontium-90. Since the gross beta is composed of a large number 
of different fission products, a greater relative variability than 
shown by the single isotope, strontium-90, is not surprising, but 
the degree of difference is larger than expected. Part of the 
difference may be due to sampling errors arising from the 'use of 
a small number of storms in computation of the averages. The 
average relative variability of strontium-90 deposition, which is 
dependent upon both variability in concentration and rainfall 
volume, was found to be 20 percent on the Kaskaskia and Boneyard 
networks, compared to 25 percent with gross beta. 
Both the strontium-90 concentration and deposition had greater 
variability in 4 out of 5 storms on the two small networks and in 
3 out of 4 storms on the East Central Illinois network. Table 6 
indicates no distinct trend for the relative variability of stron­
tium-90 to vary with rainfall volume (mean depth), and a similar 
conclusion was reached when variability was compared with storm 
intensity and duration. The greater relative variability on the 
East Central Illinois network is due to its much larger area, 400 
Mean 
Rainfall 
Depth 
(in.) 
3.59 
3.84 
0.74 
1.95 
1.52 
2.33 
1.95 
1.77 
l.6l 
0.82 
0.80 
1.25 
1.22 
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square miles compared to 10 and 12 square miles on the two small 
networks, and one strontium-90 sampler per 45 square miles com­
pared to one per 2.0-2.4 square miles on the smaller areas. 
Maximum. Variability of Strontium-90 
Table 7 shows the ratio of maximum to minimum values of 
strontium-90 concentration and deposition and storm rainfall 
in each storm on the networks. This table indicates that the 
strontium-90 concentration and deposition have a greater range 
of variation in storms within a given area than does storm rain­
fall, on the average, but the range is considerably less than 
found for gross beta (Table 5) when the same networks are com­
pared. Little difference is found between the average range of 
strontium-90 concentration and deposition, similar to the situ­
ation with gross beta (Table 5). The differences between the 
strontium-90 and storm rainfall ratios are considerably less than 
found between gross beta and storm rainfall when the Kaskaskia 
and Boneyard networks are compared. All of the above findings 
are in agreement with the trends found with the average relative 
variability in Tables 3 and 6. 
TABLE 7 
RATIO OF MAXIMUM TO MINIMUM VALUES 
OF STRONTIUM-90 AND STORM RAINFALL 
Storm Strontium Strontium Storm 
Date Network Concentration Deposition Rainfall 
7/2-3 K* 1.6 2.0 1.6 
7/2-3 B 1.6 1.4 1.2 
7/11 K 1.4 2.0 1.5 
7/14-15 K 1.6 1.9 1.5 
8/5 K 1.7 1.7 1.4 
Average K + B 1.6 1.8 1.4 
Median K + B 1.6 1.9 1.5 
7/2-3 E 1.7 1.8 1.7 
7/13 E 3.5 2.2 2.1 
7/22 E 1.7 2.9 3.0 
8/24 E 3.3 3.1 2.4 
Average E 2.5 2.5 2.3 
Median E 2.5 2.5 2.3 
*K-Kaskaskia, B-Boneyard, E-East Central Illinois 
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Summary 
Analyses have been made of the variability in the concen­
tration and deposition of gross beta and strontium-90 on three 
sampling networks in convective storms, and comparison made with 
the variability of storm rainfall, Results indicate that the 
average relative variability of both gross beta and strontium-90  
concentration is greater than that of storm rainfall, but the dif­
ferences between strontium-90 and rainfall are much less than be­
tween gross beta and rainfall. Based on data from the Kaskaskia 
and Boneyard networks, the average relative variability of gross 
beta concentration is approximately 67 percent greater than that 
of strontium-90 concentration (25% vs. 15%). The average relative 
variability of the deposition of gross beta and strontium-90, 
which are dependent upon both the concentration of radioactivity 
and rainfall volume, is also considerably greater than that of 
storm rainfall variability. The variability of gross beta depo­
sition appears to be greater than that of strontium-90 deposition, 
as indicated by averages of 25 percent and 20 percent, respec­
tively, on the Boneyard and Kaskaskia networks. 
Considerable information is available on the relative vari­
ability of storm rainfall (U, S. WEATHER BUREAU, 1947; HUFF and 
NEILL, 1957), and this information may be used to aid in the pre­
diction of the areal variability of radioactive rainout through 
establishment of the relationship between the relative variability 
of radioactive rainout and rainfall. In turn, comparison between 
gross beta and strontium variability provides information on the 
differences in areal variability to be expected between gross rain­
out and individual isotope rainout. The gross beta analyses can 
be accomplished for a relatively low cost, and it is recommended 
that the rainfall-radioactive rainout relationship be more firmly 
established by expanding the network sampling program in this 
direction. Also, areal variability relationships should be inves­
tigated in stable-type rains, 
POINT SAMPLE REPRESENTATIVENESS 
Knowledge of the accuracy with which a point radioactivity 
measurement represents the mean storm fallout for areas of various 
sizes is pertinent to investigations aimed toward defining the 
atmospheric processes and hydrometeors controlling the radioactive 
rainout in rainstorms. Furthermore, such information has applica­
tion in the design of sampling networks for health hazard moni­
toring, and its usefulness will increase should large increases 
in fallout occur in the future. An initial effort to obtain such 
information on a small scale has been undertaken as part of the 
research under the existing AEC contract. 
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Gross beta and strontium data collected on the three concen­
trated raingage. networks are being used. The gross beta study 
has been completed, and the strontium study will be finished as 
soon as the radiochemical analyses are completed. The. gross beta 
study was confined to the two smaller networks, the Kaskaskia 
encompassing 12 square miles and the Boneyard with an area- of 
10 square miles. The strontium analyses are being performed 
primarily on data for the East Central Illinois network of 400 
square miles and the Kaskaskia network. 
In this initial study, the radioactivity at a central gage in 
a particular network was compared with the average radioactivity 
determined from all samples on the network. It was assumed that 
the network averages represented accurate estimates of the true 
areal average, and the central gage differences were considered 
sampling errors. Gage No, 3, located near the center of the net­
work, was used as the central gage on the Kaskaskia network 
(Fig, l), and areal means were based on the samples collected at 
each of the 5 gages in the network. This network provides a nearly 
uniform sampling network, at least, within practical limitations 
dictated by the existing road systems. Gage 11 (Pig, l) was used 
as the single point sample on the Boneyard network and the areal 
means were based on 5-6 samples collected in each storm on the 
network. The sampling stations were not situated as uniformly as 
on the Kaskaskia network. 
Results of the gross beta comparisons on the two networks are 
shown in Tables 8 and 9° Data are presented for beta concentra­
tion, beta deposition, and storm rainfall. The storm rainfall was 
included as a guide in evaluating the magnitude of the beta sam­
pling error, since much more information is available on rainfall 
sampling. The sampling error was obtained by dividing the central 
gage difference from the network average by the network average 
and multiplying by 100. 
Table 8 shows an average sampling error of 19 percent for the 
central sampling point measurement of gross beta concentration on 
the Kaskaskia network in the 7-storm sample. The average error 
was 20 percent in gross beta deposition and 13 percent in storm 
rainfall. The sampling error varied widely in all cases. On the 
Boneyard network, the gross beta sampling errors were a little 
larger with averages of 26 and 23 percent, respectively, for gross 
beta concentration and deposition in the 8-storm sample (Table 9). 
However, the rainfall sampling error of 5 percent was much lower 
than the Kaskaskia error. 
Since the two networks varied only slightly in size and 
sampling density, the data from them were combined to obtain a 
larger sample in this initial study, and average sampling errors 
were recalculated. This resulted in an average error of 23 
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TABLE 8 
COMPARISON OP SINGLE POINT AND AREAL SAMPLING 
ON KASKASKIA NETWORK 
Central Sampling 
Average Beta Point Beta 
Concentration Concentration Difference Sampling 
Storm (micro microcuries (micro microcuries (micro micro- Error 
Date  per liter per liter curies) (percent) 
5/10/62 1777 2053 276 16 
5/26 2625 3230 605 23 
5/27 3360 2325 1035 31 
6/9 731 715 16 2 
7/2 699 723 24 4 
7/2-3 498 425 73 15 
7/14-15 2830 1738 1092 39 
Average 19 
Central Sampling 
Average Beta Point Beta 
Deposition Deposition Difference Sampling 
Storm (micro microcuries (micro microcuries (micro micro- Error 
Date per sq. meter) per sq. meter) curies (percent) 
5/10/62 32,550 35,650 -3100 10 
5/26 31,000 41,850 10,850 35 
5/27 40,300 24,800 15,500 38 
6/9 21,700 21,700 0 0 
7/2 6355 6200 155 2 
7/2-3 38,750 34,100 4650 12 
7/14-15 134,850 79,050 55,800 4l 
Average 20 
Average Central Sampling 
Storm Rainfall Point Rainfall Difference Sampling.Error 
Date (in.) (in.) (in.) (percent) 
5/10/62 0.72 0.68 0.04 6 
5/26 0.46 0.35 0.11 24 
5/27 0.42 0.33 0.09 21 
6/9 1.18 1.22 0.04 3 
7/2 0.41 0.34 0.07 17 
7/2-3 3.59 3.l6 0.43 12 
7/14-15 1.95 1.80 0.15 8 
Average 13 
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TABLE 9 
COMPARISON OF SINGLE POINT AND AREAL SAMPLING 
ON BONEYARD NETWORK 
Central Sampling 
Average Beta Point Beta 
Concentration Concentration Difference Sampling 
Storm (micro microcuries (micro microcuries (micro micro- Error 
Date per liter) per liter) curies) (percent) 
5/10/62 1460 1743 283 19 
5/26 2817 1735 1082 38 
5/27 2167 2455 288 13 
6/8 1306 930 376 29 
6/9 1152 798 354 31 
7/2 438 313 125 29 
7/2-3 560 750 190 34 
8/24 845 999 154 18 
Average 26 
Central Sampling 
Average Beta Point Beta 
Deposition Deposition Difference Sampling 
Storm (micro microcuries (micro microcuries (micro micro- Error 
Date per sq. meter) per sq. meter) curies) (percent) 
5/10/62 23,250 29,450 6200 27 
5/26 35,650 25,700 13,950 39 
5/27 29,450 32,550 3100 11 
6/8 17,050 13,950 3100 18 
6/9 31,000 21,700 9300 30 
7/2 10,230 8990 1240 12 
7/2-3 54,250 75,950 21,700 40 
8/24 5735 6200 465 8 
Average 23 
Average Central Sampling 
Storm Rainfall Point Rainfall Difference Sampling Error 
Date (in.) (in.) (in.) (percent) 
5/10/62 0.68 0.68 0.00 0 
5/26 0.51 0.49 0.02 4 
5/27 0.55 0.53 0.02 4 
6/8 0.53 0.59 0.05 9 
6/9 1.08 1.10 0.02 2 
7/2 1.00 1.14 0.14 14 
7/2-3 3.84 3.98 0.14 4 
8/24 0.27 0.28 0.01 4 
Average 5 
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percent for gross beta concentration, 22 percent for deposition, 
and 9 percent for storm rainfall. Standard deviations were 11.6, 
14.8, and 2.5 percent, respectively, for beta concentration, beta 
deposition, and storm rainfall. Prom this limited sample, indi­
cations are that a single sampling point in areas of 10 to 12 
square miles will indicate the average gross beta rainout over 
the area in convective rainstorms with an accuracy of only 20-25 
percent, and in approximately one-third of the storms the sampling 
error may equal or exceed 35 percent. Of course, a much larger 
sample should be analyzed before firm conclusions are reached on 
the above sampling errors. Because of the small number of storms 
in the sample, further analysis to determine the sampling errors 
for other combinations of gages on the two areas has not been 
undertaken at this time. 
Rather extensive data on convective storm rainfall sampling 
requirements are available in the literature (HUFF and NEILL, 
1957). Although the storm rainfall sampling errors in the pre­
ceding analysis were considerably less than the beta sampling 
errors, a small portion of the Huff and Neill data have been 
presented in Table 10 to provide a first estimate of the general 
magnitude of the sampling errors which might be expected in sam­
pling radioactive rainout in storms and to illustrate the rate 
of change in the sampling error as sampling density decreases 
and storm magnitude increases. In Table 10, the accuracy with 
which a point rainfall sample represents storm mean rainfall 
over areas of various sizes and for storms of various magnitude 
is shown. Both average and 95 percent sampling errors are given, 
and the sampling error is expressed as a percentage of the areal 
mean rainfall. Thus, the data for 10 square miles and storm rain­
fall of 0.50 inch indicate that, on the average, a sampling error 
of 10 percent will occur when one sample is allowed to represent 
the mean over an area of 10 square miles. The sampling error 
which will not be exceeded in 95 percent of the storms is 24 
percent. Table 10 stresses the need for dense sampling networks 
if accurate determinations of the time and space distribution of 
convective rainfall and radioactive rainout are to be made within 
small areas. 
Table 11 shows the 95 percent errors for monthly convective 
precipitation for comparison with similar data on storm rainfall 
in Table 10. Although the reduction in sampling error is appreci­
able, the errors remain relatively large in monthly rainfall for 
the larger areas and light rainfall. Insufficient beta data were 
available to calculate monthly values for 1962 for comparison with 
the storm values of Table 10. 
Incomplete data on strontium indicates that the average sam­
pling errors are somewhat less than found with gross beta (Tables 
8-9), following the trends observed with relative variability in 
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TABLE 10 
AREAL REPRESENTATIVENESS OF POINT RAINFALL SAMPLES 
IN CONVECTIVE STORMS 
Area Repre­
sented by 
Single Gage 
10 
20 
50 
100 
200 
400 
10 
20 
50 
100 
200 
400 
Average Sampling Error (%) 
for Given Storm Rainfall (in.) 
0.25 
16 
20 
24 
28 
32 
40 
38 
46 
58 
70 
83 100 
0.50 1.00 
10 7 
12 8 
14 11 
18 13 
22 16 
26 19 
95 Percent Sampling Error (%) 
for Given Storm Rainfall (in.) 
24 16 
28 19 
36 24 
44 30 
53 36 
65 44 
2.00 
5 7 9 
11 
13 16 
12 
15 
19 
23 
28 
34 
TABLE 11 
AREAL REPRESENTATIVENESS OF POINT RAINFALL SAMPLES 
IN MEASUREMENT OF MONTHLY RAINFALL 
Area Repre­
sented by 
Single Gage 
(sq. ml.) 
10 
20 
50 
  100 
200 
400 
95 Percent Sampling Error (%) 
for Given Monthly Rainfall (in.) 
1.00 2.00 4.00 
13 10 8 
16 12 10 
20 14 12 
24 17 14 
29 20 16 
34 24 19 
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the preceding section of this report. Based on 5 samples of 
strontium-90 and 4 samples of strontium-89, an average sampling 
error of 18 percent was found for strontium concentration on the 
Boneyard and Kaskaskia networks combined., That is, when stron­
tium concentration of the most central sampling point was assumed 
to represent the areal average, the average error was 18 percent. 
The average error found with gross beta concentration was 23 
percent. 
RADIOACTIVITY-RAINFALL RELATIONS 
The importance of a network of sampling stations for the de­
termination of the mean radioactive rainout over small areas of 
10 to 12 square miles has been demonstrated in previous sections 
dealing with areal variability and areal representativeness of 
point samples on the Boneyard and Kaskaskia networks. Since the 
network data provide a more reliable estimate of the mean fallout 
over an area than single point samples used by most past investi­
gators, an effort has been made to evaluate the influence of rain­
fall amount and storm duration on the variation in radioactive 
rainout from one storm to another. An analysis of radioactivity-
rainfall relations based upon gross beta samples has been com­
pleted, and a similar study using strontium data will be completed 
as soon as final results of radiochemical analyses of the 1962 
data become available. It is realized, of course, that the analy­
sis discussed in the following paragraphs has been complicated to 
some extent by the periodic addition of radioactive debris to the 
atmosphere from nuclear tests during 1962. However, it was felt 
that general trends should be discernible from the data, although 
the degree of relationship might be affected appreciably. 
In the analysis of the storm-to-storm relationships, the 
average concentration and deposition of gross beta in 15 storms 
on the Boneyard and Kaskaskia networks were correlated with storm 
rainfall amount and storm rainfall duration. Results are summa­
rized in Table 12, where correlation coefficients are presented. 
This table indicates an inverse relationship between storm mean 
rainfall and average gross beta concentration, a trend which has 
been reported by COWAN and STEIMERS (1958) and several past in­
vestigators. Similarly, a positive correlation was found between 
mean rainfall and average beta deposition, and, as expected, this 
relationship is somewhat stronger than the relation between con­
centration and rainfall amount. Table 12 indicates the same trends 
between rainfall duration and gross beta as between rainfall amount 
and gross beta, 
A graphical plot of gross beta concentration vs, storm rain­
fall is shown in Figure 2, and a trend line, has been drawn through 
the points. Two storms on the East Central Illinois network 
FIG. 2 AVERAGE GROSS BETA VS. AVERAGE STORM RAINFALL IN 1962 
CONVECTIVE STORMS. 
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TABLE 12 
CORRELATION BETWEEN AVERAGE GROSS BETA,STORM RAINFALL, 
AND RAINFALL DURATION IN 1962 STORMS 
Average Gross Beta Concentration vs. Average Storm Rainfall -0.36 
Average Gross Beta Concentration vs. Average Rainfall Duration -0.36 
Average Gross Beta Deposition vs. Average Storm Rainfall O.56 
Average Gross Beta Deposition vs. Average Rainfall Duration O.38 
(4/30, 7/13) are included on the plot. This graphical plot indi­
cates a strong trend except for four storm dates, 6/8, 7/2, 7/14, 
and 8/24. All except one of these (7/l4) lie far below the trend 
line, which indicates the concentration was abnormally low for the 
volume of rainfall which occurred in the storms of 6/0, 7/2, and 
8/24. 
Preliminary analysis of radar and synoptic weather data 
accomplished to date has revealed one common characteristic of 
the storms below the trend line, although the actual cause of the 
low concentrations has not been established at this time. Each 
was an afternoon thunderstorm that was the first storm on that-
day or it was part of an afternoon squall line that was the be­
ginning of a rainstorm period. The storms of 6/8 and 7/2 were 
warm air mass thunderstorms and the storm of 8/24 occurred with 
a narrow squall line. None were part of extensive squall line 
systems, such as those storms making up the rest of the samples 
in Figure 2. If one assumes that concentrations of radioactive 
debris are brought down from high elevations by deep thunderstorms 
and that part of this debris is left in the low troposphere by 
dissipating thunderstorm cells (evaporating raindrops), succeeding 
thunderstorms would have their radioactive content supplemented by 
this lower tropospheric source. Then, the first storm in a system 
might be expected to have a lower concentration of radioactivity 
for a given volume of rainfall than later storms, other contri­
buting factors being equal. Also, with large squall-line systems, 
the entrainment of moist air should be greater and the horizontal 
extent of the cloud system at high levels will be more extensive, 
and both of these dimension characteristics may be instrumental 
in building up the radioactivity in the line storms. Furthermore, 
KRUEGER and HOSLER (1962) have pointed out that the initial pre­
cipitation in convective storms will originate in the lower parts 
of the cloud system, and, thus utilize particles from the lower 
troposphere as condensation nuclei; nuclear debris concentrations 
are usually lower in these regions. Further investigation of the 
storm characteristics as revealed by radar, raingages, and synoptic 
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weather data will be continued in an effort to obtain more knowledge 
of the subject. 
In six storms in. which several gross beta samples were col­
lected on both the Kaskaskia and Boneyard networks, correlation 
coefficients were determined between the concentration and depo­
sition of gross beta and storm rainfall amount. Data from both 
networks were combined to increase the sample size and improve the 
reliability of the results. A similar analysis for strontium is 
underway, using data from ,the East Central Illinois, Kaskaskia, 
and Boneyard networks. As mentioned earlier, the periodic -in­
creases in atmospheric radioactivity is not a factor in these cal­
culations of the relationship between radioactivity and rainfall ' 
patterns within specific storms. In general, relatively poor cor­
relation was found between beta concentration, beta deposition and 
rainfall amount in the six storms used in the analysis. Coeffi­
cients ranged from near zero to 0.73. 
Correlation of rainfall volume, intensity, and duration with 
strontium concentration and deposition is being made as the results 
of the radiochemical analyses become available,. Incomplete results 
to date indicate moderate to strong correlation between strontium 
deposition and the above rainfall factors, particularly rainfall 
volume. In general, weak correlation has been found between 
strontium concentration and the rainfall factors, with the best 
correlation found with rainfall volume. 
Although the' point-to-point correlations between rainfall and 
gross beta concentration were generally low, comparison of the 
areal patterns of these two parameters during 9 storm dates on the 
Kaskaskia and Boneyard networks indicates a relatively strong tend­
ency for beta concentration to be relatively low in or near regions 
of relatively heavy rainfall and to be relatively heavy in regions 
of low rainfall. That is, the highs in the beta pattern are lo­
cated in or near rainfall lows, and vice versa. This association 
was found to hold true in 6 of the 9 cases, while in two cases the 
association was ill-defined, and in the other case, beta and rain­
fall highs and lows occurred in the same areas. Patterns of gross 
beta deposition and storm rainfall showed highs and lows superim­
posed upon each other or located near each other in 6 out of 9 
cases. The association was ill-defined in the other three cases, 
correspondence of highs or lows occurring in some portions of the 
areal pattern and not in other parts. 
It is felt that the low correlation coefficients discussed 
earlier may be somewhat misleading in evaluating the radioactivity-
rainfall relations, because of the effect that small areal dis­
placements between highs and lows may have on the calculations. 
These small areal displacements may be largely due to sampling 
errors, or, perhaps, to some characteristic of the precipitation 
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process which is not understood at this time. Also. a majority of 
the storms studied to date consisted of squall line activity with 
several storms (rain bursts) crossing the networks, and the inte­
grated pattern of rainfall and radioactivity from these bursts may 
mask the true relationship in the individual storms. Therefore, 
future effort will be concentrated on sampling storms consisting 
of individual showers or thunderstorms, and on collection of a 
series of rainwater samples within storms. These series of samples 
will permit separation of the bursts and permit a more reliable 
evaluation of rainfall-radioactivity relations. 
Figure 9 (July 2-3 case study) shows the patterns of gross 
beta concentration, deposition, and storm rainfall in a storm 
consisting of one major rain burst during the afternoon of July 2. 
The patterns show strong evidence of an inverse relation between 
beta concentration and rainfall and indicate a direct correlation 
between beta deposition and rainfall. Relatively high correlation 
coefficients of -0.73 and +0.73 were obtained, the highest of any 
of the six storms analyzed by combining the Boneyard and Kaskaskia 
networks. However, when correlation coefficients were calculated 
for the total storm period on July 2-3, which combined 12 individ­
ual thunderstorms, values near zero were obtained between rainfall 
and gross beta concentration and deposition. It may be that the 
poor correlation for the total storm period was due to the radio­
activity and rainfall patterns created by several overlapping 
storms. 
RADIOACTIVTTY-TROPOPAUSE RELATIONS 
Fifteen storms in which several radioactivity samples had 
been collected on one or more of the networks were used in a study 
of the relationship between tropopause height and gross beta con­
centration. All of these were warm season, convective storms that 
occurred between April and August 1962. Mean beta concentration, 
based upon an average of all point samples in each storm, was com­
pared with the height of the tropopause as determined from radio­
sonde data at Peoria, Illinois and/or other midwestern stations 
if Peoria was not considered representative of the sampling area 
in a particular storm. 
A graphical plot of the data for the 15 storms is shown in 
Figure 3, and a trend line has been drawn through the points. A 
good fit of the points is indicated with the logarithmic plotting, 
except for one storm on July 14-15. This storm produced a very 
unusual pattern of gross beta activity, as discussed elsewhere 
in this report, and does not seem to be typical of the patterns 
sampled in other storms. A correlation coefficient of -0.78 was 
obtained between beta concentration and tropopause height, and 
indicates that 61 percent of the variance in radioactive rainout 
FIG. 3 RELATION BETWEEN GROSS BETA ACTIVITY AND 
TROPOPAUSE HEIGHT IN WARM SEASON 
CONVECTIVE STORMS. 
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between storms was explained by changes in tropopause height. This 
appears to be a somewhat stronger relation than was found by 
Isotopes, Inc., (1960)0 The relatively strong association found in 
the Illinois study may be due to the inclusion of only warm season, 
convective storms in the analyses. 
Next, a comparison was made between average beta concentra­
tion and mean cloud depth, as indicated by radar observations in 
the storms. A relatively poor association was found. No appre­
ciable improvement in the relationship was found when maximum cloud 
depth was substituted for average depth, or when the difference 
between tropopause height and cloud tops was used. Possibly, the 
relationships were masked from the integration of several thunder­
storms over a period of several hours in most of the storms studied. 
As indicated earlier in discussions of rainfall-radioactivity cor­
relations and equipment development, future efforts will be directed 
toward analysis of single thunderstorms and thunderstorm complexes 
or squall lines in which the time distribution of radioactivity is 
obtained through use of an automatic rainwater sampler, in order 
to define better the cloud depth-radioactivity relations. 
The relatively high correlation obtained between gross beta 
concentration and tropopause height suggests the presence of a 
high-level mechanism for bringing radioactive debris into the con­
vective rain clouds, and the efficiency of this mechanism must in­
crease with decreasing tropopause height. The most obvious means 
would appear to be the cumulus clouds themselves, but strong cor­
relation was not indicated between radioactive rainout and cloud 
tops or difference between cloud top heights and tropopause height 
in the 15 storms studied. Possibly, the cirrus (high-level ice 
clouds) associated with thunderstorms are efficient collectors of 
high-level radioactive particulates and are the feeder mechanism 
for transferring high-level radioactive debris to the lower rain 
clouds. The efficiency of the cirrus collection would be expected 
to increase with closer proximity to the tropopause which separates 
the troposphere from the stratospheric supply of radioactive debris. 
Cirrus seeding from above is generally recognized as an im­
portant factor in the development of low-level cumulus into thunder­
storms. A comparison of the radioactivity in convective clouds, in 
which precipitation is generated by the sublimation-coalescence 
process at higher levels, with the radioactivity in warm clouds, in 
which precipitation is generated in the lower part of the tropo­
sphere by the condensation-coalescence process, would be desirable 
to aid in the evaluation of the radioactive rainout mechanisms. 
It is planned to undertake such a study, using radar to differen­
tiate cloud types, as part of a future program. 
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STORM OF JULY 2-3, 1962 
Introduction 
The first strontium analyses of network rainfall data under 
the AEC contract were made on rainwater from the July 2-3 storm. 
This storm was one of the heaviest on record in the Champaign-
Urbana region of east central Illinois. During the l8-hour period 
from 1300 CST on the 2nd to 0700 CST on the 3rd it produced amounts 
in excess of 5 inches in the northwestern part of the Boneyard 
network and 8-inch amounts northeast of this network (Fig. 4). 
Six strontium samples were obtained from the East Central Illinois 
network, and five each from the Kaskaskia and Boneyard networks. 
These samples were aliquots for the 18-hour storm period. In addi­
tion., gross beta analyses were made on the Kaskaskia and Boneyard 
networks for aliquots of the total storm and for several portions 
of the 18-hour storm. 
This storm provides an excellent example of severe rainstorms 
in the Midwest in which the total storm rainfall is produced by a 
number of heavy thunderstorms embedded in squall lines passing 
across a quasi-stationary storm zone, and presents an excellent 
opportunity to invesitgate the concentration of radioactivity in 
very heavy rainstorms, the area variability of radioactivity in 
such storms, and, to some extent, the time distribution of activity 
within,the total storm period. Radar data were available from 
Water Survey and Weather Bureau radars to study the three-dimen­
sional characteristics of the rainstorms during the 18-hour period, 
and the raingage recording network data provided valuable data on 
mesoscale and microscale features of the rainfall pattern and the 
movement of individual storms across the networks. 
Synoptic Weather 
The July 2-3 storm was associated with a quasi-stationary 
front which was oriented NW-SE just north of the rainstorm center 
during the major portion of the storm period. Analyses of surface 
and upper air maps indicated that the principal cause of the insta­
bility of the atmosphere was the differential advection of cold air 
over warm air, and the instability was further intensified by hori­
zontal convergence in the low-level wind field. 
The initial shower activity which crossed any of the sampling 
networks began to develop in mid-morning in southwestern Illinois. 
These showers were of the air mass type with rapid transitions 
through their growth, maturity, and dissipation stages. Individual 
thunderstorm movement was from 240 degrees at approximately 25 
knots. The air mass shower activity continued until early evening, 
after which squall line activity became dominant. Horizontal air 
trajectories indicate that low-level air movement was out of the 
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southwest, with the flow veering to WSW at intermediate levels and 
to WNW-NW at high levels during the period of air mass showers. 
During the squall line activity at night, the intermediate-level 
flow shifted to WNW-NW. 
At 1800 CST, the precipitable water was 1.76 inches for the 
layer from the surface to 400 mb. at Peoria, about 75 miles NW 
of the storm center. This is about 28 percent above the July 
normal. The greatest abnormality was in the layer from 700 to 
400 mb. where the depth was 56 percent above the July normal-
The total precipitable water depth had remained nearly constant 
throughout the day at Peoria and at Columbia., Missouri, about 
250 miles SW of the storm center. The tropopause in. the storm 
zone was in the vicinity of 48,000 to 50,000 feet during the 
l8-hour rainfall period. The jet stream was located several hun­
dred miles north in northern Wisconsin. 
In order to determine the rainout characteristics of a par­
ticular isotope, such as strontium-90, consideration must be 
given to the vertical trajectories of the environmental air mass 
in which rainstorms develop. STALEY (1960) has demonstrated 
through use of potential vorticity changes that stratospheric air 
can be traced to within 5000 feet of the surface within a 24-hour 
period. If vertical trajectories of this magnitude were common 
to any one particular type of convective precipitation system, 
large differences could be expected in the rainout efficiency for 
a given cloud-rain volume. A first approximation of this effect 
can be estimated from vertical time and/or space sections of 
potential temperature constructed from radiosonde data in the 
vicinity of the rain activity. In the July 2-3 storm, RA0B data 
for Peoria (PIA), Illinois, and Columbia (CBI), Missouri (Fig. 5) 
were used for this purpose. The data indicated small changes 
with time in the heights of the isentropic surfaces. Peoria 
showed a change of. approximately 2000 feet for the 24-hour period 
encompassing the convective activity. The greatest change was 
observed with the space variation between Peoria and Columbia. 
At 0600 CST on July 2, the constant entropy surfaces at 45,000 
feet sloped downward approximately 300 feet from Columbia north­
eastward to Peoria. By 1800 CST, the slope had decreased to 
practically no change between the two stations at 45,000 feet. 
By 0600 CST on July 3, after the squall line activity, the en­
tropy surface sloped sharply downward toward Peoria with a dif­
ference of approximately 5000 feet between 35,000 and 40,000 
feet. 
The changes in slope of the high-level entropy surfaces 
suggest that the afternoon air mass showers may have increased 
in rainout efficiency as they moved northward in the direction 
of the downward slope of the entropy surfaces, whereas, the re­
verse was likely at night with the squall line activity in which 
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the thunderstorms were moving in the direction of the upward 
slope of the isentropic surfaces. However, unless the gradient 
in radioactive rainout was very sharp, the presence of the above 
tendencies would not be discernible in the relatively small sam­
pling networks used in this study. Several networks distributed 
throughout the central part of the state would be needed for such 
a study. 
Rainfall 
The general pattern of rainfall in this unusually heavy 
storm is shown in Figure 4. The magnitude of this l8-hour storm 
is emphasized when one realizes that the average monthly rain­
fall for July in the storm area is approximately 3.25 inches. On 
the Kaskaskia and Boneyard networks near the storm center, the 
total rainfall resulted from 12 shower periods within the 18 
hours. On the Kaskaskia, approximately 11 percent of the total 
storm rainfall occurred during the afternoon and 30 percent in 
the early evening, or 41 percent in air mass showers compared to 
59 percent in the squall line activity at night. On the Boneyard, 
approximately 50 percent occurred with each storm type, with 19 
percent of the air mass percentage in afternoon showers and 31 
percent in the early evening. On the East Central Illinois net­
work where much less rain fell, 85 percent of the total occurred 
with the night squall line activity, 3 percent with an early 
evening shower, and 12 percent in afternoon showers. The above 
statistics are averages based upon all recording gages in each 
network. 
An intense hailstorm produced widespread crop damage east 
and northeast of the Boneyard network during the afternoon, but 
no hail was reported on the other two networks on July 2-3. In 
fact, except for the Champaign-Danville region (Fig. 4), very 
little hail was reported in the state. 
Radar Observations 
Radar observations by the Water Survey and the U. S. Weather 
Bureau indicated that the afternoon air mass showers occurred in 
a zone of convective activity extending across northern Missouri, 
southeastern Iowa, and most of Illinois, Indiana, and Ohio. The 
development of convective activity which produced the network 
rainfall can best be illustrated by the radar PPI presentations 
shown in Figure 5 for 1405, 1605, 1900, and 2330 CST. In Figure 
5a, echo areas have been separated for the three geographical 
areas of northern Missouri and Illinois, central Illinois, and 
and southern Illinois, and are identified by different shading 
of the echoes. At 1405 CST, the echoes over northern Missouri 
and north central Illinois are the beginning of the squall line 
development which reached the East Central Illinois network about 
FIG. 4 TOTAL STORM RAINFALL FOR JULY 2-3, 1962 
FIG. 5 RADAR ECHOES ON JULY 2, 1962 
-32-
2000 CST. The group of echoes extending from St. Louis to Rantbul 
are from air mass showers that developed in an area of horizontal 
convergence at low levels. The third set of echoes extending 
southward from St. Louis is a squall line which probably origin­
ated from orographic lifting over the Ozark range in southern 
Missouri. The large echo area southwest of Rantoul produced 
heavy rainfall on the Boneyard network and the damaging hailstorm, 
mentioned earlier. In the air mass showers, radar-indicated tops 
were mostly in the range from 25,000 to 35,000 feet during the 
afternoon, or 15,000 to 25,000 feet below the tropopause. How­
ever, it is believed that the hailstorm echo probably reached 
much higher, but the hailstorm was too close to the Water Survey 
radar installation to obtain a reliable estimate of the tops. 
Figure 5b at 1605 CST shows the approach of the squall line 
activity in eastern Missouri and north central Illinois and de­
creasing air mass activity. Figure 5c at 1900 CST shows a well-
organized squall zone, but one large area of air mass showers 
remain southwest of Rantoul and these produced rainfall amounts 
in excess of one inch at some locations on the Kaskaskia and 
Boneyard networks. Figure 5d at 2330 CST shows the quasi-sta­
tionary squall zone within which thunderstorms developed and 
moved southeastward throughout the night. During the squall 
zone activity at night, the average of the radar-indicated cloud 
tops was in the range from 30,000 to 35,000 feet with maximum 
tops in the range from 40,000 to 45,000 feet. 
Figure 6 shows the movement of six storms across the East 
Central Illinois network during the night. The storm movement 
was determined from the starting time of rain bursts at each of 
the 49 recording raingages in the network. In the fourth shower 
period, note evidence of three showers converging in the east 
central part of the network as they move from the SSW, NW, and N. 
The heaviest rainfall during this storm period occurred in the 
merging region. The most frequent movement of showers across the 
network appeared to be from the NW to NNW, in agreement with radar 
observation of the storm echoes. The primary purpose in presenting 
Figure 6 is to illustrate how raingage data can be used to analyze 
mesoscale features of storm movement and interaction, as well as 
provide data on intensity, duration, and amounts of rainfall, 
particularly when used in conjunction with radar data. 
Rainfall-Radioactivity Comparisons 
Figure 7 shows the pattern of strontium-90, strontium-89, 
and storm rainfall on the Kaskaskia and Boneyard networks for the 
l8-hour storm period, and Figure 8 shows similar patterns on the 
East Central Illinois network. Figure 7 shows a low in the pat-
tern of strontium-90 concentration located near the storm rain­
fall center. However, other low areas in the strontium-90 areal 
FIG. 6 STORM MOVEMENT ACROSS EAST CENTRAL ILLINOIS NETWORK ON JULY 2-3,1962 
FIG. 7 STRONTIUM AND RAINFALL PATTERNS ON KASKASKIA AND 
BONEYARD NETWORKS IN STORM OF JULY 2-3, 1962 
FIG. 8 STRONTIUM AND RAINFALL PATTERNS ON EAST CENTRAL 
ILLINOIS NETWORK IN STORM OF JULY 2 - 3 , 1962 
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pattern are located in regions of lows in the rainfall pattern, 
and highs in the strontium concentration are located about 5 
miles apart on each side of the central low. In general; there 
appears to be an inverse relation between total storm rainfall 
and strontium-90 concentration, but the relationship is weak as 
indicated by a correlation coefficient of -0.14. As would be 
expected, a much better relationship is indicated between storm 
rainfall and strontium-90 deposition in Figure 7. Highs and lows 
in the rainfall pattern correspond closely with similar highs and 
lows in the deposition pattern. 
The pattern of strontium-89 concentration shows a low in the 
region of maximum storm rainfall, and highs in the general region 
of rainfall lows on the Kaskaskia and Boneyard networks. A cor­
relation coefficient of -0.32 was obtained between the two param­
eters, indicating a weak, inverse relationship. The pattern of 
strontium-89 deposition (Fig. 7) does not correlate with storm 
rainfall as well as strontium-90 did. 
The patterns of strontium-90 and strontium-89 concentration 
on the East Central Illinois network in Figure 8 indicate an in­
verse relationship with storm rainfall. That is, regions of 
relatively high rainfall are located in regions of relatively 
light strontium concentration, and rainfall lows are near stron­
tium highs. In general, the strontium-89 deposition compares 
favorably with the pattern of storm rainfall, indicating a direct 
relationship. The association between strontium-90 deposition 
and storm rainfall is not as strong. 
Comparison of the average strontium concentration on the 
East Central Illinois network with the concentration on the com­
bined Kaskaskia and Boneyard networks was made. This comparison 
showed an average of 4.5 micro microcuries per liter on the East 
Central Illinois compared to 5=5 on the Kaskaskia-Boneyard during 
the 18-hour storm period. Similarly, the average concentration 
of strontium-89 was 33 micro microcuries per liter on the East 
Central Illinois and 36 on the Kaskaskia-Boneyard. Thus, the 
differences were small, although rainfall was much heavier on the 
Kaskaskia-Boneyard where the storm average was 3.72 inches com­
pared to 1.77 inches on the East Central Illinois. The above 
data indicate that rainfall volume had little influence in de­
pleting the atmospheric source of debris in the storm and/or in 
controlling the particulate concentration in the rainstorm. With 
the highly saturated atmosphere throughout most of the storm, 
raindrop evaporation was not an important factor. This suggests 
that drop size distribution in the clouds may have been a con­
trolling factor in determining the strontium concentration. Radar 
and raingage network data Indicate that the major differences 
between the networks was in the intensity of precipitation and 
number of bursts. Storm type, stprm height, and storm movement 
were similar throughout the storm period. 
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Patterns of gross beta concentration and deposition on the 
Kaskaskia and Boneyard networks are shown in Figure 9 for the 
18-hour storm period and during the air mass shower activity in  
the afternoon. Similar to strontium-89 and strontium-90, the 
gross beta concentration shows a minimum in the region of maximum 
rainfall. Rather poor correspondence is indicated between the 
gross beta deposition and storm rainfall. 
The pattern of gross beta concentration in the afternoon 
showers (Fig. 9) shows an increase northward in the direction 
of decreasing rainfall. The afternoon deposition pattern cor­
relates well with the storm rainfall pattern, the zone of maxi­
mum deposition lying in the same region as the rainfall center. 
Table 13 shows correlation coefficients between the concen­
tration and deposition of strontium and gross beta and three rain­
fall factors, total storm rainfall, rainfall duration, and rainfall 
intensity, as indicated by the maximum 2-hour rainfall. Data from 
all three networks were combined in calculation of these correla­
tion coefficients. This table shows very poor correlation between 
concentration and rainfall factors, but a relatively strong cor­
relation between deposition and total storm rainfall, except for 
gross beta. A moderate degree of correlation was found between 
deposition and rainfall duration in this storm. 
Comparison of the relative variability between strontium, 
gross beta, and rainfall is provided in Table 14 for the East 
Central Illinois network and the Kaskaskia and Boneyard networks 
combined. On the East Central Illinois network, the total storm 
rainfall variability was considerably greater than that of con­
centration and deposition of both strontium-89 and strontium-90. 
The reverse occurred on the combined Kaskaskia-Boneyard networks. 
In the afternoon storm, however, the rainfall variability was 
somewhat greater than the beta variability. Thus, no distinct 
trend was apparent between the relative variability of radio­
activity and storm rainfall in this heavy rainstorm. 
Ratios of strontium-89 to strontium-90 on the three networks 
are shown in Table 15. These indicate that the average age of the 
radioactive debris was similar between networks, and, therefore, 
that the strontium in the storm rainwater probably came from the 
same atmospheric source. However, appreciable variations in the 
ratios were recorded from point-to-point, particularly in the 
Boneyard network. The significance of this variation has not 
been determined at this time. 
Samples collected at several times during the 18-hour storm 
at some of the Boneyard sampling stations provided limited data 
on the time distribution of gross beta activity and its variation 
FIG. 9 GROSS BETA AND STORM RAINFALL PATTERNS ON KASKASKIA AND BONE-
YARD NETWORKS IN STORM OF JULY 2-3, 1962 
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TABLE 13 
CORRELATION COEFFICIENTS IN STORM OF JULY 2-3, 1962 
Strontium-90 Concentration vs. Total Storm Rainfall 0.28 
Strontium-90 Concentration vs. Rainfall Duration 0.20 
Strontium-90 Concentration vs. Maximum 2-Hour Rainfall -0.l6 
Strontium-90 Deposition vs. Total Storm Rainfall O.87 
Strontium-90 Deposition vs. Rainfall Duration 0.62 
Strontium-90 Deposition vs. Maximum 2-Hour Rainfall 0.49 
Strontium-89 Concentration vs. Total Storm Rainfall 0.02 
Strontium-89 Concentration vs. Rainfall Duration 0.03 
Strontium-89 Concentration vs. Maximum 2-Hour Rainfall 0.02 
Strontium-89 Deposition vs. Total Storm Rainfall 0.82 
Strontium-89 Deposition vs. Rainfall Duration 0.62 
Strontium-89 Deposition vs. Maximum 2-Hour Rainfall 0.45 
Gross Beta Concentration vs. Total Storm Rainfall 0.11 
Gross Beta Concentration vs. Rainfall Duration -0.43 
Gross Beta Concentration vs. Maximum 2-Hour Rainfall -0.06 
Gross Beta Deposition vs. Total Storm Rainfall 0.49 
Gross Beta Deposition vs. Rainfall Duration O.65 
Gross Beta Deposition vs. Maximum 2-Hour Rainfall 0.24 
TABLE 14 
RELATIVE VARIABILITY IN STORM OF JULY 2-3, 1962 
Relative 
Variability (%) 
Gross Beta Concentration, Kaskaskia-Boneyard, 1300-0700 25 
Gross Beta Concentration, Kaskaskia-Boneyard, 1340-1635 30 
Strontium-90 Concentration, Kaskaskia-Boneyard, 1300-0700 15 
Strontium-90 Concentration, East Central Illinois, 1300-Q700 20 
Strontium-89 Concentration, KaskasklarBoneyard, 1300-0700 15 
Strontium-89 Concentration, East Central' Illinois, 1360-0700 16 
Gross Beta Deposition, Kaskaskia7Boneyard, 1300-0700 23 
Gross Beta Deposition, Kaskaskia-Boneyard, l340-1635 26 
Strontium-90 Deposition, Kaskaskia-Boneyard, 1300-0700 15 
Strontium-90 Deposition, East Central Illinois, 1300-0700 17 
Strontium-89 Deposition, Kaskaskia-Boneyard, 1300-0700 15 
Strontium-89 Deposition, East Central Illinois, 1300-0700 14 
Kaskaskia-Boneyard Storm Rainfall, 1300-0700 12 
Kaskaskia-Boneyard Storm Rainfall, 1340-1635 40 
East Central Illinois Storm Rainfall,,. 1300-0700 27 
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TABLE 15 
RATIOS OF STRONTIUM-89 TO STRONTIUM-90 
ON JULY 2-3 IN THREE NETWORKS 
East Central Illinois Network 
Gage Ratio 
1 7 
11 7 
15 7 
25 8 
28 7 
38 8 
Median 7 
Kaskaskia Network 
1 6 
2 6 
3 5 
4 8 
5 6 
Median 6 
Boneyard Network 
11 7 
14 5 
16 9 
17 10 24 6 
Median 7 
between the air mass storms during the afternoon and early evening 
and the squall line activity during the night. 
The average concentration of gross beta in the afternoon air 
mass showers (1340-1635) on the Boneyard network was 560 micro 
microcuries per liter, based on 5 samples. Four stations at which 
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separate samples were collected in the air mass storm during the 
early evening showed a mean of 605 micro microcuries per liter. 
The same 4 stations had a mean of 495 in the afternoon showers'. 
Thus, the evening air mass storm had a slightly greater concen­
tration of radioactivity in the rainwater on the Boneyard network. 
The average deposition in the afternoon showers was 10,200 micro 
microcuries per square meter compared to 18,600 in the heavier 
evening rainstorm. Pour stations during the squall line activity 
at night showed an average concentration of 330 micro microcuries 
per liter and the average deposition was 16,000 micro microcuries 
per square meter. Thus, the Boneyard data show a decrease in 
gross beta concentration taking place when squall line activity 
replaced the air mass thunderstorms, although radar-indicated 
cloud tops were higher, and, therefore, closer to the tropopause 
in the squall line thunderstorms. The mean rainfall increased 
from 1.00 inch in the afternoon storm to 1.34 inches in the early 
evening thunderstorm, and to 2.03 inches in the night squall line 
activity, based on rainfall at the sampling stations. Thus, the 
decreasing concentration with time may be associated with the 
increasing volume of storm rainfall between the three storm 
periods, rather than being related to the change in storm type 
or to gradual depletion of the atmospheric source of radioactivity 
during the storm. 
Summary and Conclusions 
The storm of July 2-3 provides an excellent example of a 
severe midwestern rainstorm produced by a series of individual 
thunderstorms. Data from three sampling networks indicated poor 
correlation between the concentration of radioactivity in rain­
water and rainfall amount, duration, and intensity. Conversely, 
the deposition of radioactivity showed a relatively strong cor­
relation with storm rainfall factors. Although the storm was 
much more severe with respect to rainfall on the Kaskaskia and 
Boneyard networks, the average strontium concentration in the 
storm rainwater did not vary greatly from the concentration on 
the East Central Illinois network, and indicates that rainfall 
volume exercised little control over the particulate concentra­
tion. 
The relative variability of gross beta concentration and 
deposition was approximately twice that of storm rainfall during 
the l8-hour storm on the Kaskaskia and Boneyard networks, but the 
variability of strontium was only slightly greater than that of 
storm rainfall. On the East Central Illinois network, strontium 
samples showed less relative variability than storm rainfall. 
The relative variability among strontium samples was only slightly 
greater on the East Central Illinois network of 400 square miles 
than on the Kaskaskia and Boneyard networks of 10 and 12 square 
miles in this particular storm. 
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Radar data indicated that the storm cloud tops did not reach 
the tropopause during the storm period and that the high-level 
jet stream was several hundred miles to the north. Ratios of 
strontium-89 to strontium-90 indicated the same atmospheric source 
of strontium on the three networks during the storm. Limited time 
distribution data on gross beta in the Boneyard network indicated 
that a decrease in gross beta concentration occurred at night when 
squall line activity replaced air mass thunderstorms as the rain­
fall mechanism; however, this change in concentration also cor­
responded to an increase in storm rainfall amounts which may have 
been responsible for the decrease in concentration. 
The utility of radar and concentrated raingage networks in 
mesoscale studies of the space and time distribution of radio­
active rainout and in studies of the atmospheric processes con­
trolling the surface rainout has been demonstrated to some degree 
in this case study. However, a large number of such case studies 
under various synoptic weather conditions and in various types of 
storms is needed before reliable relationships can be established 
and firm conclusions ascertained. 
STORM OF JULY 14-15, 1962 
Introduction 
Another heavy rainstorm occurred over east central Illinois 
during the night of July 14-15. Beta and strontium analyses were 
performed on samples collected at the five stations on the 
Kaskaskia network, and beta activity was determined also at two 
Boneyard sampling points. The storm consisted of 6 separate 
thunderstorms on the Kaskaskia network over a period of approxi­
mately 12 hours, and these storms developed within or moved 
through a quasi-stationary squall zone in the area. Most of the 
rain occurred in a 6-hour period from 0130 to 0730 CST. This 
case represents one of the typical types of heavy rainstorms in 
the Midwest, and analysis was performed to investigate the small-
scale variability of gross beta, strontium-89, and strontium-90 
activity in this type of storm, and the association of the radio­
active rainout with mesoscale storm features revealed by the 
raingage network data and radar observations. The use of stream-
water radioactivity measurements is shown also. 
Synoptic Weather 
The storm was associated with a quasi-stationary front oriented 
W-E and located approximately 50 miles south of the sampling net­
works throughout the night. A weak wave on the front passed south 
of the Kaskaskia and Boneyard networks about 0600 CST on the 15th. 
At 850-mb the winds were from the SW to WSW at approximately 20 
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knots throughout the storm period. At 1800 CST on the l4th, prior 
to the start of the storm, the winds were westerly at 25 knots at 
the 700-mb level. A trough developed at this level during the 
night, and at 0600 CST was oriented N-S through eastern Illinois, 
with winds shifting to NW, 15-20 knots to the rear of the trough. 
At 500 mb, the winds were WNW, 25-30 knots at 1800 CST, backing 
to WSW, 15-20 knots by 0600 CST as a trough to the SW deepened. 
At 300 mb, WSW-W winds at 25-30 knots prevailed throughout the 
storm period, increasing to 30-40 knots at 200 mb. 
The tropopause was in the vicinity of 50,000 feet over 
Illinois throughout the storm period. The jet stream was located 
several hundred miles to the north of the storm zone. The pre-
cipitable water increased during the day on July 14 and reached 
a value of 1.90 inches for the layer from the surface to 400 mb 
at the start of the storm period and maintained this level through­
out the night. The precipitable water was about 36 percent above 
normal for July, and the 1.90 inches is an amount which can be 
expected less than 10 percent of the time during July in central 
Illinois. Although the precipitable water was above normal 
throughout the layer from the surface to 400 mb, the greatest 
abnormality existed from 550 to 400 mb, where the depth was nearly 
three times the July normal. Relatively high moisture charge at 
higher elevations favors the formation of cloud droplets, and, 
therefore, the capture of small particulate matter at these 
elevations. 
Rainfall 
The general rainfall pattern in Illinois is shown in Figure 
10a. One of the cores of heaviest rainfall occurred a few miles 
north of the Kaskaskia network, and the major axis of the storm 
was oriented NW-SE from northwestern to east central Illinois. 
The storm consisted of thunderstorms and rainshowers which began 
during the early evening in the Kaskaskia network, but approxi­
mately 95 percent of the rain occurred in the 6-hour period, 
0130-0730 CST, on the 15th. There were 6 separate shower periods, 
of which five occurred in the 6-hour period of maximum activity. 
The total storm rainfall pattern on the Kaskaskia and Boneyard 
networks is shown in Figure 10b. 
Radar Observations 
Average rainfall was 0.10 inch on the Kaskaskia network in 
the early evening storm. Radar observations indicated this storm 
was associated with a squall line, oriented NNE-SSW, which moved 
across the network from the west at approximately 25 knots. The 
average tops of the radar storm echoes in the squall line was 
about 25,000 feet, but scattered tops had reached as high as 
47,000 feet as the line approached the network. 
FIG. 10 STORM RAINFALL ON JULY 14-15,1962 
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During the 6-hour period of nearly continuous showers (0130-
0730), tops averaged 25,000 to 30,000 feet with maxima of 40,000  
to 45,000 feet. With the tropopause at approximately 50,000 feet, 
the average radar-indicated storm tops were 20,000 to 25,000 feet 
below the tropopause during the storm, and the maximum radar-
indicated tops were reaching to within 5000 to 10,000 feet of the 
tropopause. 
Radar observations indicated that the 6-hour storm period 
(0130-0730) was associated with a quasi-stationary squall zone 
which developed in central Illinois near midnight. At the same 
time, another squall zone was oriented WNW-ESE from eastern 
Missouri into southern Illinois. Rainfall in the central Illinois 
storm zone was intensified at times by storms which moved into it 
from the west and merged with existing storms. Figure 11 shows the 
radar presentation at 0700 CST during the last major burst of the 
storm period. Figure 12 shows the areas of most intense echo ac­
tivity from 0545 to 0745 CST. This figure indicates that the most 
intense storm area was located northwest of the Kaskaskia network 
and across the northern part of the East Central Illinois network 
at 0545. This intense area expanded considerably during the next 
hour, particularly to the south and southeast. At 0645, all three 
raingage networks were within the intense area. The intense zone 
contracted in the next hour, and at 0745, included only the northern 
part of the Kaskaskia and the northeastern part of the East Central 
Illinois network. This intense area was associated with the last 
major burst on the Kaskaskia and Boneyard networks in which rain­
water radioactivity samples were collected. Streamwater samples 
collected on the Kaskaskia and analyzed for gross beta activity 
indicated that a very heavy fallout occurred on the watershed 
during the last storm burst and during the time the intense echo 
area was over the network. This heavy fallout will be discussed 
in more detail later. 
Rainfall-Gross Beta Comparisons 
Patterns of gross beta concentration, deposition, and storm 
rainfall on the Kaskaskia network are shown in Figure 13. These 
illustrations show very large spatial variability of beta concen­
tration and deposition on the 12 square mile area. This varia­
bility resulted from the relatively large rainout at gages 2 and 
5 across the south central part of the network. Two samples from 
the Boneyard network to the east (not shown) had values similar 
to the three smaller values on the Kaskaskia. The relative vari­
ability of beta concentration and deposition was 39 and 28 percent, 
respectively, compared to a relative variability of 13 percent for 
total storm rainfall. 
Of considerable interest in this particular case is the time 
distribution of gross beta activity in the streamflow on the 
FIG. II RADAR ECHOES AT 0700 CST. JULY 15.1962. 
FIG. 12 REGIONS OF MAXIMUM ECHO INTENSITY, 0545-0745 CST, 
JULY 15,1962. 
FIG. 13 GROSS BETA AND RAINFALL PATTERNS ON KASKASKIA NETWORK 
IN STORM OF JULY 14-15, 1962. 
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Kaskaskia watershed, which is shown in Figure 14. The streamwater 
samples are grab samples taken from the center of the stream in  
the upper foot of water. In Figure 14, the gross beta concentra­
tion in micro microcuries per liter is shown, along with the 
streamflow in cu. ft. per second past the streamgaging station 
located at the southern end of the network. The streamwater 
analysis helped to confirm the presence of the very high beta 
concentration on the network, and, based upon known runoff charac­
teristics of the basin, indicated that a very heavy rainout of 
radioactivity took place during the last major storm burst which 
was associated with the frontal wave passage to the south and 
with intense radar echoes overhead. The rainfall in this burst 
is shown in Figure 13. Reference to Figure 14 shows that the 
gross beta increased by a factor of four from 0930 to 1115, then 
decreased rapidly. The Boneyard streamwater reached a maximum of 
740 micro microcuries per liter compared to 4200 on the Kaskaskia 
during the forenoon of the 15th. 
The map of total storm rainfall (Fig. 10) indicates that the 
heaviest gross beta concentration and deposition occurred about 2 
miles north of and parallel to the core of heaviest rainfall in 
the network region. Perhaps of more significance is that a simi­
lar areal pattern existed during the heavy rainout in the early 
forenoon as indicated by the streamflow data; that is, the heavi­
est network rainfall (Fig. 13) was a little to the south of the 
area where the heaviest radioactive rainout apparently occurred.' 
Radar observations by the U. S. Weather Bureau at St. Louis 
indicated that the most intense echo activity enveloped the 
Kaskaskia network just prior to and during the early forenoon 
burst (Fig. 12). Taking into consideration the 150-mile range 
from the St. Louis radar to the network, the echo intensity meas­
urements indicate a relatively high liquid water content in the 
upper portion of the storm clouds over the sampling network with 
respect to the surrounding area and, also, compared to observed 
echo intensities in the central Illinois storm at earlier times. 
The high liquid water content of the upper portion of the clouds 
prior to and during the network burst would favor capture of rela­
tively large amounts of radioactive material if available at these 
elevations. However, this does not explain fully the sharp gradi­
ent of activity within the network, since all of the area was 
within the echo intensity core. 
One possible explanation of the heavy rainout over a narrow 
band across the network is that within the thunderstorm complex 
(Fig. 11) an individual thunderstorm cell had developed and built 
into the stratosphere prior to its arrival over the network, and 
was in a mature or dissipating stage as it moved across the net­
work. This storm might then have had a small region of heavy 
concentration within it as it moved across the south central part 
FIG. 14 TIME DISTRIBUTION OF GROSS BETA 
ACTIVITY AND STREAM FLOW ON 
KASKASKIA BASIN, JULY 15,1962. 
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of the network. Another possibility is that a thunderstorm cell 
passing across the south central part of the network was en­
riched by moist air entrained into it, and the beta concentration 
in this moist air had been increased greatly by dissipating cloud 
elements which had previously extended to high levels. However, 
the rainfall pattern of Figure 13 indicates that the heavy rain-
out occurred in the merging outflow region between two thunder­
storms, one passing north of the network and the other south of 
it. This suggests a greater concentration of activity near the 
outer boundary of rain cells in this storm.. Unfortunately, 
available radar data were not adequate to discern small-scale 
cloud differences. Continuous RHI scanning would be needed, and 
this was not available in this storm, because it occurred during 
non-operational hours at the Meteorology Laboratory. This case 
study emphasizes the need for a 24-hour, 7-day week schedule of 
radar operations for future studies, despite the increased cost 
to the research program. 
Strontium Analyses 
Rainwater samples from each of the five gages in the 
Kaskaskia network were analyzed for strontium-90 and strontium-89. 
The patterns of concentration and deposition are shown in Figure 15. 
The concentration patterns indicate maxima in the vicinity of the 
network maximum rainfall on the southern edge of the network 
(Fig. 10) and on the northern edge of the network which lies a 
little south of the major rainfall center shown in Figure 10a. 
The strontlum-89 pattern and, to some extent, the strontium-90 
pattern show a low in concentration across the central part of 
the network in the region in which the maximum concentration of 
gross beta was found. Comparison of the strontium concentration 
patterns with the total storm rainfall map (Fig. 10) indicates 
similar patterns, but comparison of the gross beta concentration 
with total storm rainfall reveals dissimilar patterns. In fact, 
as in several other storms studied, there is evidence of an in­
verse relationship with the greatest gross beta concentration in 
the region of minimum storm rainfall. The dissimilarities in the 
patterns of gross beta and strontium concentrations indicate that 
the early forenoon rainfall burst was not accompanied by a narrow, 
heavy band of strontium rainout, such as was the case with gross 
beta, as revealed by the streamwater analyses. This suggests 
that the heavy beta rainout in the early forenoon may have been 
produced primarily from short-lived radioactive material present 
in the lower and middle troposphere, perhaps from the Nevada 
test of July 11. The strontium concentration appears to corre­
late well with rainfall amount, which indicates it was captured 
most effectively in the heavier rain cells; in turn, the heavier 
and more intense rain cells would be expected to build as high 
or higher than the other storms and have greater horizontal ex­
tent at the high elevations, which would tend to result in the 
capture of greater quantities of high-level particulate matter. 
FIG. 15 STRONTIUM PATTERNS ON JULY 14-15, 
1962. 
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The patterns of strontium deposition are shown in Figure 15 
and compare favorably in the location of maxima and minima with 
the total storm rainfall pattern of Figure 10, as would be ex­
pected. 
Ratios of strontium-89 to strontium-90 were computed and 
are shown in Table 16. Only a relatively small degree of vari­
ation existed within the network and this indicates that the 
same atmospheric source of radioactive debris was responsible 
for the rainout at the various sampling points. 
TABLE 16 
RATIO OF STRONTIUM-89 TO STRONTIUM-90 
ON JULY 14-15 IN KASKASKIA NETWORK 
Gage Ratio 
1 41 
2 40 
3 49 
4 40 
5 36 
Summary and Conclusions 
An analysis of the gross beta and strontium activity in storm 
rainfall and of gross beta in streamwater was made for the storm 
of July 14-15 on the Kaskaskia network. Radar and raingage data 
used in conjunction with the results of radiochemical analyses 
indicated a relatively strong association between the areal dis­
tribution of strontium activity and total storm rainfall. Indi­
cations of an inverse correlation were found between the areal 
distribution of gross beta activity and storm rainfall. The rela­
tive variability within the network was greatest with gross beta, 
followed by strontium-89 and strontium-90. 
Streamwater samples indicated that a very strong gradient 
in the gross beta pattern resulted primarily from a very heavy 
rainout associated with the last of six major rain bursts during 
the 12-hour storm period. Recording raingage data indicated the 
heavy rainout occurred in the merging outflow region between two 
thunderstorms. Radar observations indicated a high liquid water 
content in the upper portion of the storm clouds just prior to 
and during the last storm burst. Combining available information 
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on radioactivity and rainfall in the storm with radar observations 
and synoptic weather data, indications are that the strontium 
rainout was controlled largely by the heavier, more intense rain­
storms which had greater vertical extent and greater horizontal 
extent at the higher elevations closer to the strontium sources, 
in the stratosphere. 
This study illustrates the use of streamwater radioactivity 
measurements in the mesoscale studies of rainfall-radioactivity 
relations. The importance of radar observations and raingage 
network data in interpretation of radioactivity patterns has 
been demonstrated, and the need for detailed RHI observations 
emphasized. 
STORM OF JULY 22, 1962 
Introduction 
During the evening of July 22, an intense squall line moved 
across east central Illinois and produced widespread hailstorms, 
heavy rainfall, and extensive wind damage. The line moved from 
the WNW at an average speed of 45 mph across the raingage and 
rainwater sampling networks. Nine samples of rainwater from the 
East Central Illinois network and four samples from the Boneyard 
network were submitted to Isotopes, Inc., for analysis of stron-
tium-89 and strontium-90. 
This storm was selected for analysis because it provided an 
excellent example of one of the typical types of convective storm 
systems in the Midwest; that is, a sharply-defined, intense squall 
line producing severe weather and with the storm rainfall re­
sulting from a single thunderstorm period rather than a series of 
intermittent showers. Furthermore, excellent radar surveillance 
of the storm system was available from eastern Iowa until it moved 
beyond the radioactive sampling networks. The samples on the 
East Central Illinois network were selected to investigate the 
mesoscale variability of the rainwater radioactivity and the re­
lationship of this pattern to meteorological factors revealed by 
analysis of raingage, radar, and synoptic weather data. The 
Boneyard samples were selected to evaluate the microscale vari­
ability in the storm approximately parallel to and perpendicular 
to the squall line. The following discussion will be restricted 
to discussion of the data for the East Central Illinois network, 
since radiochemical analyses of the Boneyard data have not been 
completed at this time. 
Synoptic Weather 
The squall line which crossed central Illinois during the 
afternoon and evening of July 22 occurred to the north of a weak 
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wave on a quasi-stationary front located in southern Illinois 
about 125 miles south of the sampling network. At 850 mb, flow 
was from the WNW at 15-20 knots and a slight trough out of a low 
center in northern Wisconsin was oriented N-S through eastern 
Illinois. The winds remained from the WNW at the higher levels 
over Illinois with speeds increasing to 25-30 knots at 700 mb, 
40-50 knots at 500 mb, and 60-80 knots at 300 to 200 mb. The 
jet stream appeared to cross southern Illinois near 200 mb in 
the vicinity of the surface quasi-stationary front. The tropo-
pause was located at approximately 40,000 feet at Peoria which 
lies about 50 miles northwest of the East Central Illinois net­
work. 
At 1800 CST, about one hour before the squall line reached 
Peoria, the precipitable water was 1.34 inches for the layer from 
the surface to 400 mb, 0.03 inch below the July normal for 
Illinois. Vertically, the amount from the surface to 700 mb was 
slightly below normal, and the amount above 700 mb was a little 
above normal. Appreciable drying had occurred at the higher 
levels. For example, the relative humidity at 400 mb had de­
creased from 76 percent at 0600 CST to 35 percent at 1800 CST 
and the specific humidity had decreased from 1.3 g/kg to less 
than 0.5 g/kg. This drying at higher levels may have been asso­
ciated with entrainment into the storm system a few miles to the 
west of Peoria at 1800 CST. 
Rainfall 
The general pattern of rainfall in Illinois resulting from 
storms during the afternoon and evening of July 22 is shown in 
Figure 16. The dashed lines show the major axes of the major 
rainstorms. The parent storm from which the central Illinois 
squall line developed and which contained the longest and most 
extensive hail zone produced the most southerly of the rainstorms 
on the map. The two storms just north of this parent storm were 
thunderstorms in which extensive hail areas were contained in the 
central Illinois squall line. The two storm zones shown in north­
western and northeastern Illinois resulted from earlier storm 
systems which passed through this region. Mesoscale features of 
the squall line storm as it passed over the East Central Illinois 
network will be discussed later in conjunction with the radio­
activity analyses. 
Rainfall-Radioactivity Comparisons 
Figure 17 a shows the pattern of strontium-90 concentration 
in micro microcurles per liter on the East Central Illinois net­
work based on the 9 samples at the indicated locations. The 
stippled areas indicate the regions in which hail was reported. 
Figure 17b shows the pattern of total storm rainfall based upon 
FIG. 16 GENERAL PATTERN OF ILLINOIS RAINFALL 
ON JULY 22, 1962. 
FIG.I7 COMPARISON OF STRONTIUM-90 AND RAINFALL PATTERNS ON 
JULY 22,1962 
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49 raingage observations, and Figure 17c portrays the pattern of 
strontium-90 deposition in micro microcuries per square meter, as 
determined from the two previous figures. Figure 18 shows the 
development, movement, and areal extent of the storm, as portrayed 
by radar, as it moved across Illinois and the sampling networks. 
The radar echoes are shown at hourly intervals by stippling. The 
heavy outlined areas beneath the echoes shows the location of the 
major hail zones during the storm, based upon crop damage reports 
of the Crop Hail Insurance Actuarial Association of Chicago (here­
after referred to as CHIAA) and the Water Survey's severe storm 
network of cooperative observers in central Illinois. The loca­
tions of the three concentrated raingage networks in which rain­
water samples are collected for radiochemical analysis are shown 
also. 
No outstanding similarity in patterns is shown between the 
strontium-90 concentration and storm rainfall (Fig. 17). In fact, 
a tendency toward an inverse relationship is indicated to some 
extent, with relatively high strontium concentrations in the 
southwestern and northeastern parts of the network in areas of 
relatively light rainfall. However, the relatively high stron­
tium concentration in the northwestern part of the network is 
in a region of relatively heavy rainfall. The correlation coef­
ficient between strontium-90 concentration and storm rainfall, 
based on the 9 samples, is -0.23, indicating an inverse relation­
ship as suggested by the map patterns. However, statistically, 
only 5 percent of the variance is explained by this correlation, 
so that in this case, at least, the conclusion must be that the 
relationship between strontium-90 concentration and storm rain­
fall is weak. Correlation coefficients were determined also be­
tween the strontium-90 concentration and (1) storm rainfall in­
tensity as measured by the maximum 30-minute rainfall and (2) 
storm duration as measured by the number of rain hours at each 
sampling point. As shown in Table 17, the strontium-rainfall 
intensity correlation is similar to that found with total storm 
rainfall, as expected, since most of the rain fell in the maximum 
30-minute period. A positive correlation was obtained between 
strontium-90 and rainfall duration and the coefficient was appre-
ciably higher, although still accounting for only 23 percent of 
the variance. 
Figure 17 indicates a close association between strontium-90 
deposition and storm rainfall, despite the relatively poor associ­
ation between strontium concentration and rainfall. The highs 
and lows are nearly superimposed upon each other, and suggest 
that the surface rainfall may be a useable predictor of the sur­
face fallout despite- the- rather poor point-to-point -association 
of rainfall and radioactive particulate concentration. This has 
been found in the ma jority of the storms studied to date. The 
correlation coefficient between strontium-90 deposition and storm 
FIG. 18 MAJOR HAIL BANDS AND RADAR ECHOES ON JULY 22, 1962 
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rainfall on July 22 was +0.71. The coefficient of determination 
was 0.50, indicating that 50 percent of the variance is explained. 
The correlation coefficient with rainfall intensity (30-minute  
rainfall) was even higher (O.78). Since rainfall amount has equal 
weight with concentration in determining the deposition, the cor­
relation would be expected to be better between deposition and 
rainfall than between concentration and rainfall. 
TABLE 17 
CORRELATION COEFFICIENTS BETWEEN 
STRONTIUM AND RAINFALL ON JULY 22, 1962 
Strontium-90 Concentration vs. Total Storm Rainfall -0.23 
Strontium-90 Concentration vs. Maximum 30-minute Rainfall -0.15 
Strontium-90 Concentration vs. Rainfall Duration +0.48 
Strontium-89 Concentration vs. Total Storm Rainfall -0.4l 
Strontium-89 Concentration vs. Maximum 30-minute Rainfall -0.31 
Strontium-89 Concentration vs. Rainfall Duration -0.12 
Strontium-90 Deposition vs. Total Storm Rainfall +O.71 
Strontium-90 Deposition vs. Maximum 30-minute Rainfall +O.78 
Strontium-90 Deposition vs. Rainfall Duration +0.61 
Strontium-89 Deposition vs. Total Storm Rainfall +O.58 
Strontium-89 Deposition vs. Maximum 30-minute Rainfall +0.64 
Strontium-89 Deposition vs. Rainfall Duration +0.30 
The patterns of concentration and deposition of strontium 89 
are shown in Figure 19. The deposition pattern is similar to the 
strontium-90 pattern and relates well to the total storm rainfall 
pattern. A correlation coefficient of +O.58 was obtained between 
strontium-89 deposition and total storm rainfall (Table 17). The 
pattern of strontium-89 concentration is somewhat different than 
the strontium-90 pattern (Figs. 17 and 19). The strontium-89 
concentration pattern shows a decrease eastward and southward 
across the network, and correlates poorly with the storm rainfall 
pattern (Fig. 17). A weak, inverse relationship is indicated by 
the correlation coefficient of -0.4l (Table 17). 
Comparisons of the relative variability between strontium-89 
and strontium-90 and several rainfall factors are shown in 
Table 18. The relative variability of strontium-90 was less than 
that of strontium-89. The variability of the three rainfall 
factors are of the same order of magnitude as the strontium vari­
ability, and indicates that the variability of the radioactivity 
in this storm was controlled to a considerable extent by the rain­
fall variability. 
FIG. 19 STRONTIUM-89 PATTERNS ON JULY 22, 1962. 
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TABLE 18 
RELATIVE VARIABILITY IN STORM OP JULY 22, 1962 
Relative 
Variability (%) 
Strontium-90 Concentration 18 
Strontium-90 Deposition 25 
Strontium-89 Concentration 25 
Strontium-89 Deposition 32 
Storm Rainfall 23 
Maximum 30-minute Rainfall 27 
Rainfall Duration 20 
Radioactivity vs. Convectlve Intensity 
Research by KRUEGER and HOSLER (1962) has indicated that 
penetration of the tropopause by convectlve cells and proximity 
to the jet stream may be important factors in determining the 
rainwater radioactivity in storms. Other investigators have 
discussed the influence of specific humidity, evaporation, rain­
drop impact collection, and interchange of tropcspheric and 
stratospheric air on the rainwater radioactivity at the surface. 
Cleansing of the atmosphere by previous rainfall must be taken 
into consideration. Another factor which must be considered in 
evaluating the radioactivity concentration in rainwater is the 
degree of convergence and entrainment into the cloud or storm 
system responsible for the surface rainfall. 
Hailstorms are associated with strong convectlve systems 
within which violent convection takes place. Also, hailstorms 
tend to grow to greater heights than the average convectlve 
storm, often reaching elevations of 50,000 feet or more, consid­
erably above the tropopause height in these storms. Consequently, 
one might expect such storms to produce greater radioactive fall­
out than the less severe thunderstorms. The storm of July 22 
presents the opportunity to examine radioactivity concentration 
in rainwater to a limited extent within and adjacent to hailstorm 
complexes in a squall line. 
Figure 18 shows that the hailstorms in east central Illinois 
occurred in conjunction with a squall line which developed from a 
strong thunderstorm complex first detected in eastern Iowa. Hail 
was associated with this central thunderstorm complex for a period 
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of 4 to 5 hours as it moved east southeastward across the state. 
As shown in Figure 18, other hail storms developed and moved  
eastward as the squall line expanded in central Illinois. One of 
these produced hail near the northwestern corner of the network 
where a strontium sample was obtained. An isolated hail storm 
was reported near the rainwater sample obtained in the north­
eastern part of the network (Pig. 17). Two of the three rain­
water samples obtained in the central part of the network were 
located in or near the core of heaviest rainfall and outside of 
the major hail zone to the south and the minor hail regions to 
the north. The major hail zone occurred on the right flank of 
the rainfall core (looking downstream with respect to storm move­
ment), which CHANGNON (1962) has found to be typical of the hail-
rainfall space distribution in Illinois hailstorms. 
The 49 recording raingages in 400 square miles on the East 
Central Illinois network provide an excellent means of studying 
the mesoscale characteristics of rainstorm systems, particularly 
when combined with information obtained from radar observations 
and standard synoptic weather data. In the storm of July 22, the 
raingage data have been utilized to obtain information on the time 
distribution, movement, development, configuration, and number of 
individual thunderstorms and cells over the network. This infor­
mation, of course, is in addition to the standard data on rainfall 
amount, intensity, and duration in the storm. This information 
was obtained through analysis of the starting time of measurable 
rainfall at each of the 49 gages from which Figure 20 was con­
structed. Radar data were useful in verifying the patterns, and 
upper air data were helpful in establishing cell movements. In 
Figure 20, the isolines represent starting time of measurable 
rainfall. Comparison of this figure with Figure 18 shows the 
radar echoes moving onto the network a few minutes earlier than 
indicated by Figure 18, and this may very likely be due to very 
light rainfall (trace amounts) on the forward edge of the storm 
of insufficient volume to record on the raingage chart, or it may 
be due to a slight error in the radar range scale. In either 
case, it does not materially affect the present analysis and in­
terpretation of the results. 
Reference to Figure 20 indicates that the rainfall on the 
network occurred in two separate thunderstorms which were a part 
of the squall line passing through the area. One of these which 
moved across the northern half of the network was the thunderstorm 
which produced the hail swath to the west of the northwestern part 
of the network as shown in Figure 18. The path of this storm 
across the network is indicated by arrows in Figure 20. It appears 
that a new rain cell developed ahead of the main thunderstorm 
about 2000 CST as indicated by the closed, dashed-line isoline 
labeled "2005", and that this new cell merged with the older, 
larger thunderstorm a few minutes later. 
FIG.20 STORM MOVEMENTS ON JULY 22, 1962. 
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The rainfall in the southern one-third of the network appears 
to have been associated with new cell development on the north 
side of the parent thunderstorm complex from which the squall 
line developed. The analysis indicates that several growing rain 
cells reached maturity as the squall line moved into this region. 
These cells merged rapidly as they moved to the southeast, as in­
dicated by the arrows. These cells were growing in areal extent 
at this time and building toward the north as well as the south, 
as indicated by the 2010-line in the southern part of the network. 
As the thunderstorm complex built northward it merged with the 
thunderstorm on the northern part of the network. Apparently 
this merger took place somewhat south of the center of the net­
work in the region labeled "merger zone". 
With the definition of the storm characteristics and move­
ment provided by Figure 20, the next step was to examine the 
strontium and rainfall patterns in conjunction with this figure 
in search of any additional information that might be revealed. 
The strontium-89 pattern shows a general decrease in activity 
southeastward across the network. The heaviest concentrations 
were on the western and northeastern parts of the network, and 
were produced by the thunderstorm which moved across the northern 
and north central parts of the network (Fig. 20). Analysis of 
available radar and radiosonde data indicates that the center of 
this storm had been above or near the tropopause for approximately 
an hour when it reached the network. Radar observations, however, 
indicated that this echo was not as intense as the thunderstorm 
complex which moved across the southern part of the network, at 
least, in the upper portion of the echo. Probably this thunder­
storm was starting to undergo dissipation at that time, and this 
is lent support by the cessation of hail from it as it moved onto 
the northwestern part of the network. However, the relatively 
high strontium concentration in the northeastern part of the 
network appeared to be associated with a new cell in this thunder­
storm. 
In the southern part of the network, the strontium activity 
decreased eastward as the parent thunderstorm complex weakened 
and moved southeastward, and its center became progressively 
farther from the southern boundary of the network. The rainfall 
in the southern part of the network appeared to be associated 
with new rain cells on the north side of the parent thunderstorm 
complex of the squall line (Fig. 18). This thunderstorm complex 
produced hail across the entire central portion of the state. 
According to radar observations, cloud tops in the parent storm 
reached 53,000 feet, 13,000 feet above the average tropopause 
height, as it approached the southwest corner of the East Central 
Illinois network. The tops decreased gradually to 45,000 feet as 
the storm center passed along and to the south of the network's 
southern boundary. Average cloud top height in the squall line 
was 35,000 feet at that time. 
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The average age of the radioactive debris, as indicated by the 
ratio of strontium-89 to strontium-90 was 237 days. The debris 
with the parent storm, which had the deepest vertical development, 
was slightly older than that associated with the thunderstorm that 
moved across the northern part of the network. 
Summary 
A weak negative correlation was found between the patterns of 
strontium concentration and total storm rainfall (rainfall volume). 
Also, weak correlation was indicated between strontium concentra­
tion and rainfall intensity and rainfall duration. A relatively 
strong positive correlation was found between strontium-90 and 
rainfall volume and intensity, and a moderate degree of correla­
tion was indicated between strontium-89 deposition and these two 
rainfall parameters. 
The relative variability of the strontium deposition and con­
centration was of the same order of magnitude as the variability 
of rainfall volume, intensity, and duration. 
The strontium fallout was associated with two multi-cellular 
thunderstorms within a squall line, one thunderstorm passing across 
the northern part of the East Central Illinois network and the 
other across the southern part. The oldest, deepest, and most 
intense thunderstorm passed across the southern portion, but the 
heaviest fallout occurred with the northern thunderstorm. However, 
both were intense storms which produced widespread hail and reached 
or penetrated the tropopause for a considerable period of time. 
The average age of the fallout was 237 days, similar to that 
in the very heavy rainstorm of July 2-3, and considerably older 
than the debris sampled in the storms of July 11-15 which indicated 
average ages of 100 to 150 days. The vertical development in the 
July 22 storm was exceptionally strong, and probably resulted in 
the penetration of higher level sources of radioactivity than took 
place in the July 11-15 storms, or, at least, the high level pene­
tration occurred for longer,periods and over a great horizontal 
expanse. 
This storm provides an excellent example of a fast-moving, 
intense squall-line system with strong vertical development which 
produces severe weather and short-period, intense rainfall rates. 
The utilization of the combination of recording raingage data and 
radar data to define the mesoscale features of such systems has 
been demonstrated in this case study. 
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SUMMARY AND CONCLUSIONS 
This progress report presents preliminary results of a 
mesoscale study of the relationships between radioactive rainout, 
rainfall, radar-indicated storm characteristics, and other mete­
orological factors. Results are based primarily upon gross beta 
sampling during spring and summer 1962, supplemented by incomplete 
strontium-89 and strontium-90 data. Storm observations were made 
with radar, and rainwater data were collected on three concen­
trated raingage networks in areas of 10, 12, and 400 square miles. 
Additional results will be forthcoming upon completion of the 
radiochemical analyses of all strontium samples collected during 
1962 and upon completion of various meteorological analyses which 
are underway. 
In a study of the areal variability of radioactive rainout, 
a slight trend was found for the variability to decrease with in­
creasing rainfall volume and storm duration. Based upon a 15-storm 
sample within two raingage networks, the average relative varia­
bility of gross beta radioactivity was found to be 25 percent com­
pared to 14 percent for storm rainfall. Based upon a 9-storm 
sample, the average relative variability of strontium-90 concen­
tration was found to exceed that of storm rainfall, but the 
exceedance was much less than found with gross beta. Since only 
one isotope is involved compared to many with gross beta, smaller' 
relative variability is to be expected with strontium-90. The 
average range of gross beta concentration and deposition in areas 
of 10 to 12 square miles, as measured by the ratio of the maximum 
to minimum observed values, was 2.7 and 2.3, respectively in the 
15-storm sample, compared to 1.8 for storm rainfall. Averages of 
1.6 and 1.8 were obtained for 5 strontium-90 samples on the same 
two areas, compared to 1.4 for storm rainfall. 
An investigation was made of the accuracy with which a point 
radioactivity measurement represents the mean storm fallout over 
areas of 10 to 12 square miles. - Based upon a 15-storm sample, 
the average sampling error was 23 percent for beta concentration, 
22 percent for beta deposition, and 9 percent for storm mean rain­
fall . Based upon 5 samples of strontium-90 and 4 samples of stron­
tium-89, an average error of 18 percent was found for strontium 
concentration. 
Areal patterns of gross beta concentration and deposition were 
correlated with areal patterns of storm mean rainfall by combining 
data for the adjacent Boneyard and Kaskaskia networks of 10 and 12 
square miles, respectively. In general, relatively poor correla­
tion has been found between gross beta and storm rainfall when a 
point-to-point mathematical comparison is made. Correlation coef­
ficients ranged from near zero to 0„73 in six cases. Correlation 
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of rainfall volume, intensity, and duration with strontium con­
centration and deposition is underway. Incomplete results at 
this time indicate moderate to strong correlation between stron­
tium deposition and rainfall volume, but generally poor correla­
tion between strontium concentration and rainfall factors. No 
strong correlation tendency has been noted between rainfall in­
tensity or duration and strontium concentration or deposition. 
However, it is felt that the low correlation coefficients may be 
somewhat misleading, since a visual comparison of the patterns 
of radioactivity and rainfall indicate that in the majority of 
the storms, high rainfall centers are located near high centers 
of radioactive deposition and low centers of radioactive concen­
tration. That is, small areal displacements of either the rain­
fall or radioactivity pattern would improve the mathematical ' 
correlation greatly. These displacements could be due to sam­
pling errors, to some characteristic of the precipitation process 
not understood at this time, or they may have occurred because a 
majority of the storms studied to date have patterns resulting 
from the integration of several individual showers within a 
storm period. Some evidence has been found that suggests the 
shower integration factor may be important. 
Using a 15-storm sample, a relatively strong correlation 
was found between gross beta concentration and tropopause height. 
This relation appears to be somewhat stronger than found by 
previous investigators, and may be due to the restriction of the 
Illinois sample to warm season, convective storms. 
Three case studies have been included in this report to 
illustrate (l) the mesoscale patterns of radioactive rainout, 
(2) the association between radioactivity and rainfall patterns, 
(3) the relationship between patterns of gross beta and individ­
ual isotopes, (4) the utilization of radar and concentrated rain-
gage networks in the study of radioactivity-rainfall relations, 
and (5) deficiencies in the observational program which must be 
overcome in future studies. Similar case studies are being made 
for all 1962 storms in which gross beta and/or strontium samples 
were obtained. 
The 1962 sampling program was devoted mainly to investigation 
of spatial relationships between rainfall and radioactivity in 
multi-cellular storms. This limitation resulted partly from 
planning and partly from other causes. It was considered desira­
ble to obtain information first on the areal relationship between 
radioactivity and rainfall in convective rainstorms. During 1962, 
nature produced an adequate number of multi-cellular storms but 
did not provide many single-cell storms in the sampling area. 
Time sampling of storms on an areal basis did not prove satisfac­
tory through the use of cooperative observers.. Furthermore, the 
the restriction of our program to 100 strontium samples limited 
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the amount of areal time sampling which could be accomplished 
without seriously restricting the spatial studies. 
Experience in 1962 has indicated that time sampling on an 
areal basis is essential to further investigations of rainfall-
radioactivity relations. To overcome the 1962 difficulties, an 
inexpensive, automatic rainwater sampler has been designed and a 
pilot model constructed for testing. This sampler will permit 
the collection of 1 to 8 samples within a storm without human 
 attention. 
RECOMMENDATIONS FOR FUTURE WORK 
1. Efforts should be concentrated on determination of the 
time distribution of radioactivity in storms on an areal basis. 
Construction and installation of a number of automatic time 
samplers is pertinent to this program. Through use of data col­
lected with these samplers, studies should be made of rainfall-
radioactivity relations within different regions of the storm, 
such as the front, center, and rear, and comparisons made between 
radioactive rainout on the periphery of individual storms and the 
core of these storms. The time samplers should be used also to 
investigate relations between thunderstorm vertical development 
and radioactivity, thunderstorm age and rainwater radioactivity 
concentration, and to pursue further the rainfall rate-radio­
activity relations on a time and space basis. 
2. The mobile sampling program should be expanded to inves­
tigate rainfall-radioactivity relations through time sampling 
within a storm cell or, at least, within the same portion of a 
storm, preferably the center, over a considerable period of time 
under continuous radar surveillance. This will aid greatly in 
evaluation of the true relation between rainfall rate or volume 
and radioactivity, the effects of cloud vertical depth or changes 
of depth on rainout, and the relations between cloud age or stage 
of development and radioactivity. 
3. Efforts should be made to compare the radioactive rainout 
from warm clouds and ice-nuclei clouds, as identified by radar; 
that is between those clouds which produce precipitation prior 
to their penetration of the freezing level and the deeply developed 
thunderstorm clouds which generate precipitation at a high level 
by the ice crystal process. This will aid in evaluation of the 
influence of high-level sources of radioactive debris on radio­
active rainout, the importance of ice crystal clouds (cirrus) as 
a means of transport of radioactivity into convective clouds, and 
in further definition of the rainfall-radioactivity relations. 
The mobile unit will be especially useful in sampling warm clouds 
-55-
which are relatively small, scattered, and occur less frequently 
than the ice-nuclei clouds. 
4. Correlation of radar reflectivity with the radioactive 
content of surface rainfall is desirable. Efforts should continue 
to relate radar-observed storm characteristics, such as cloud 
height, volume, and extent with radioactive rainout. Time sam­
pling of storm rainfall and continuous RHI scanning of the storm 
are requirements for this type of study. 
5. The relationship between the drop-size distribution of 
raindrops, as measured by the Water Survey's raindrop cameras on 
the East Central Illinois network, and rainfall radioactivity 
should be investigated on a limited scale. Operation of the 
cameras and analysis of the drop-size data are carried out under 
another research program of the Water Survey. 
6. Attention should be given to development of a technique 
for aircraft sampling of rainwater below cloud bases, 
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APPENDIX A 
AUTOMATIC RAINWATER SAMPLER 
The proposed rainwater sampler will provide a simple inex­
pensive means of obtaining time samples at a remote sampling site 
with a minimum of maintenance. 
The sampler consists of a 30 square foot rectangular wooden 
collector of shallow "V" construction. The collector is supported 
by 3 large wooden legs. All wooden parts are given a coat of poly­
ester resin after assembly to insure a chemically clean sampling 
surface and to prevent warpage or rotting of the wood. A precipi­
tation drain spout is provided at one end of the collector. 
Suspended beneath the collector trough is a rotating platform. 
One-gallon polyethylene bottles are attached to the platform by 
means of tubular support frames. Each support-bottle assembly is 
pivoted at the rotating platform and balanced by an extension coil 
spring. The rotational force for the assembly is provided by 
rubber straps. The number of bottles is arbitrary and does not 
affect the operation. 
The operation of the sampler is quite simple. The rotating 
platform with attached support-bottle assemblies is rotated for 
1-1/2 complete revolutions stretching the rubber return straps. 
The assembly is then locked in a "catch" position by allowing a 
stop plate attached to one of the bottle supports to contact the 
collector drain spout with the rubber straps in tension. 
When precipitation begins, the water runs from the collector 
down the drain spout into the bottle in "catch" position. When 
the quantity of water in the bottle is sufficient to overbalance 
the coil extension spring attached at the top of the bottle sup­
port, the bottle support pivots allowing the support stop plate to 
drop below the spout. The platform is then rotated by the rubber 
straps until the next bottle is stopped in a "catch" position by 
means of its support stop plate. Operation is continuous until 
the precipitation has ceased or all of the bottles have collected 
samples. 
The quantity of water collected by each bottle is predeter­
mined by adjustment of the coil spring tension. This is accom­
plished by means of an adjustable eye-bolt attached between the 
top of the bottle support and the coil extension spring. 
The basic configuration of the collector is shown in Figure 21. 
FIG.2I AUTOMATIC RAINWATER SAMPLER 
